
















Hayat Khan SHAMS 
  




















Supervisor :   Professor Dr. Fumio WATANABE     
Advisor :      Professor Dr. Hiromichi TOYODA    
Professor Dr. Shinji SUZUKI        





Profes or Dr. Hiromichi TOYODA 
Associate Professor Dr. Shinji SUZUKI 





Afghani s t an  has  a r id ,  s emi -a r id  c l imate .  Li t e ra l l y i t  has  
thousands  o f  mic roc l imates ,  where  f requen t l y cond i t i ons  change  f rom 
one  va l l ey to  another,  wi th in  a  f a i r l y s hor t  d i s t ance .  Afghani s t an  has  
s lopp y,  h igh  a l t i tude  h i l l  a s  wel l  a s  f l a t  p l a ins  i n  o ther  r eg ions  o f  t he  
count r y.   The  change  in  a l t i t ude  p roduce  a  c l imate  wi th  t empera t e  
and  semi  t rop ical  charact e r i s t i cs ,  wide  sp reading  t emperatu res  
va r i a t ions  a re  usua l  f rom season  to  season  and  f rom day to  n igh t .  
Summer  t emperatu res  a re  h igh  wi th  h igh  evaporat ion  ra t e  and  winte r  
i s  co ld  wi th  f reez in g  cond i t ion .  Afghani s t an  i s  an  a r id  coun t r y,  wi th  
more  than  ha l f  of  t he  a rea  rece iv ing  100  to  300  mm prec ip i t a t i on  per  
year,  which  most ly occurs  in  winte r  s eason  wi th  no  agr i cu l tu ra l  
ac t iv i t i es .  Afghani s tan  i s  r i ch  in  wate r  r esources ,  t he  main  su r face  
resources  be ing  Amu Dar ya  bas in ,  Nor th  r ive r  bas in ,  Har i  Rud  r iver  
bas in ,  He lmand  r ive r  bas in ,  and  Kabul  r i ver  bas in .  Sur face  wa te r  i s  
e s t imated  a t  57BCM,  and  a t  p resen t  j us t  17BCM i s  used ,  and  ground 
wate r  i s  18  BCM,  and  3BCM i s  used .  About  15% of  Afghani s t an ’s  
i r r i ga t ed  l and  ge t s  wate r  f rom t rad i t ional  underground s ys t ems  such  
as  karez ,  sp r ing  and  shal low wel l .  I r r i gat ion  s ys t em in  Afghan is t an  i s  
d iv ided  in to  two d iv i s ion :  i n formal  and  formal .  Afghani s t an  i s  f ac ing  
wate r  management  cha l l enges ,  t he  i r r i ga t ion  wate r  management  i s  
done  th rough  communi t y based  i r r i ga t ion  management  s ys tem known 
as  Mi rab  s ys t em.  The  Mi rab  s ys t em i s  no t  good  in  equ i t y i ssues  
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espec ia l l y i n  i r r i ga t ion  wate r  d i s t r i but ion .  There  i s  grea t  d i ffe rence  
in  the  wa te r  r i gh ts  and  actual  wa ter  d i s t r i but ion  among  the  use rs .  
More  than  80  % of  people  l eaves  i n  d i ffe rent  agro  c l imate  and  
topograph y o f  t he  l and  engaged  in  agr i cu l tu re  and  l ives tock ,  they have  
cul t iva t ed  2 .72  mi l l ion  hect a res  under  i r r i ga t ion ,  and  the  econom y o f  
these  people  i s  d i rec t l y  o r  indi rec t l y dependent  on  agr i cu l tu re .  But  
un fo r tuna te l y,  t he  count r y i s  not  food  se l f -  su ff i c i en t  ye t .  Which  i s  a  
majo r  p roblem fo r  peop le ,  who have  to  impor t  food f rom abroad ,  
because  dur ing  the  pas t  th ree  decades  o f  c iv i l  war  and  conf l i c t  mos t  
o f  t he  agr i cu l tu r a l  dams,  cana ls ,  and  l and  have  a l so  been  des t ro yed ,  
s imi l a r l y fa rmers  wi th  exper i ence  have immigra t ed  o r  d i ed .  The who le  
even t  has  en t e red  i t s  nega t ive  impac t  on  agr i cu l tu re  secto r.  And 
fa rmers  most l y hav e been  su ffe r ing  f rom shor t age  o f  wa te r,  e speci a l l y  
in  t he  summer  and  fa l l  s eason .  Thi s  p rob lems i s  more  common in  the  
count r y and  more  in  d rough t  year s .  The  main  a im of  t he  Minis t r y o f  
Agr i cu l tu re ,  Ir r i ga t ion  and  l ives tock  o f  Afghani s t an  i s  s e l f -  
su ff i c i ency o f  food .  To  achieve  se l f -  su ff i c i ency,  i t  i s  necessa r y to  
inves t iga t e  t he  ex i s t ing  p rob lems especi a l l y i n  t he  i r r i ga t ion  secto r  
and  to  i ncrease  wa te r  use  e ff i c i ency.  
The  a im o f  t h i s  d i s se r t a t i on  i s  to  d i scuss  t he  most  convenient ,  
e ffec t ive  and  adoptable  wa ter  l os s  con t ro l  s ys t em ut i l i z ing  i r r i ga t ion  
wate r  i n  Afghani s t an .  For  achieving  the  above  goal ,  t he  fo l lowing 
resea rches  were  conducted;  
A)  To  improve  i r r i gat ion  wate r  use  e ff i c i ency,  t h rough  es t imat ion  o f  
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pan  evaporat ion  in  Kabul ,  Afghani s t an .  
B)  To  es t imate  opt imum i r r iga t ion  d ischarge  under  fu r row i r r iga t ion  
in  Afghani s t an .  
C)  To  d i scuss  mulching  s ys t em for  conserv ing  i r r i ga t ion  wate r.   
1.  Improving i rr igat ion  water use  ef f ic i ency,  through es t imat ion  of  
pan  evaporat ion  in  Kabul ,  Af ghani s tan  
Afghani s t an  c l imate  va r i es  f rom a r id  i n  t he  so u th  and  sou thern  
to  semi -a r id  i n  o the r  pa r t  o f  Afghan is t an .  Dur ing  the  summer  a i r  
t empera tu re  i s  ve ry h igh  and  no  ra in fa l l ,  and  wi thout  i r r i ga t ion  
supp l i es ,  t hese  a reas  cannot  suppor t  an y c rop  p roduct ion .  Dur ing  
winte r  t empera tu res  a re  l ow and p recip i ta t i o n  occurs  i n  fo rm o f  snow 
in  which  the re  i s  no  need  to  i r r i ga t e .  In  Afghani s t an ,  a l l  agr i cu l tu ra l  
p roduc t ion  depends  on  avai l ab i l i t y  o f  wa te r.  Unfor tunate l y,  
Afghani s t an  l acking  o f  i r r i ga t ion  p l anning ,  have  los t  meteo ro logica l  
s t a t ion  and  due to  l ack  o f  dat a  quant i f i ca t ion  o f  wate r  shor tage  dur ing  
cul t iva t ion  and  growing season became d i ff i cu l t .  In  t he  count r y jus t  
a  f ew meteoro logica l  s t a t i ons  have  been  ins t a l l ed  now.   The  
ob ject ive  o f  t h i s  s tud y i s  to  c l a r i f y meteo ro logica l  p roper t i e s  i n  Kabul ,  
and  to  in t roduce  a  method  fo r  es t imat ing  pan  evaporat ion .  Pan  
evaporat ion  i s  an  impor t an t  weather  va r i ab l e  t hat  has  app l i ca t ion  
re l a t ed  to  deci s ion  mak ing  in  agr i cu l tu re  and  o ther  f i e ld .  
Meteoro logica l  da ta  were  co l l ec t ed  in  Qargha  Agr i cul tu ra l  
Exper imen t  s t a t i on  in  Kabul ,  Afghan is t an .  These  da t a  i nclude  a i r  
t empera tu re ,  r e l a t i ve  humid i t y,  wind  speed ,  sunsh ine  hours ,  r a infa l l  
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and  pan  evaporat ion .  For  es t imat ing  evapora t ion  Penman method  
(Penman,  1963)  was  used .  When  evapora t ion  obta ined  b y Penman 
method and  evaporat io n  obta ined  b y c l as s  A pan ,  the re  i s  l a rge  
va r i a t ion  in  t he  re l a t ionsh ip  between  the  es t imated  evaporat ion  and  
the  observed  evaporat ion .  Then  evaporat ion  i s  es t imated  wi th  o ther  
meteo ro logical  pa ramete rs  l ike  re l a t i ve  humidi t y,  a i r  t emperatu re ,  
sunshine  and  wind  speed .   When  evapora t ion  was  es t imated  f rom 
re l a t ive  humid i t y and  wind  speed  wi th  pan  evaporat ion  the re  was  a  
la rge  impar i t y,  bu t  when  es t imat ion  was  made  f rom sunsh ine  wi th  pan  
evaporat ion  they had  a  good  co rre l a t ion .  S imi l a r l y es t imated  a i r  
t empera tu re  and  pan  evapora t ion ,  and  we  found  ver y impor t an t  
pa ramete r  fo r  e s t imat ion  o f  pan  evaporat ion  value ,  and  det e rmined  
the  appropr i a t e  dat a  se t  fo r  e s t imat ing  pan  evapora t ion ,  wh ich  were  
average  a i r  t empera tu re  and  pan  evaporat ion  values  i n  5  and  10  days  
pe r iod .  There  was  a  good  re l a t i onship  between 10  days  a i r  
t empera tu re  and  pan  evaporat ion  compared  to  5  days  a i r  t emperatu re  
and  pan  evapora t ion .  
2.  Field  eva luat ion  of  furrow i rr igat ion  w ater inf i l t ra t ion  f or 
bet ter water management    
In  Afghan is t an  wate r  shor t age  i s  a  r esu l t  o f  war,  in f l i c t ed  
damage  to  i r r i ga t ion  s ys t em,  t r ad i t i ona l  i r r i ga t ion  s ys t em,  and  
p ro longed d rough t .  Lack  o f  i r r i ga t ion  schedul ing  and  low knowledge 
o f  f armers  abou t  i r r i ga t ion .  An yway in  the  count r y r ough l y 2 .6  
mi l l i on  hec t a re  o f  i r r i ga t ed  l and  i s  under  cu l t iva t ion .  Thi s  i r r i ga t ed  
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l and  produces  85% of  a l l  p roduct ion ,  the  wa te r  suppl y app l i ca t ion  
e ff i c i enc i es  i s  ve r y low,  because  h igh  run  o ff ,  deep  perco la t ion ,  l os ses  
o f  wa ter  th rough  evapora t ion .   Fu r row i r r iga t ion  i s  one  o f  the  su r face  
i r r i ga t ion  s ys t em,  and  one  o f  t he  o ldes t  method  in  Afghan is t an ,  t h i s  
method has  low app l i ca t ion  e ff i c i ency.  The  objec t ive  of  t h i s  s tud y i s  
to  i n t roduce  a  method  to  es t imate  opt imum i r r iga t ion  d ischarge  which  
i t  can  reduce  deep  perco l a t ion  fo r  fu r row i r r iga t ion .  In  t h i s  s tud y a  
mathemat i ca l  mode l  o f  su r face  i r r i ga t ion  was  used  to  det e rmine 
op t imum i r r iga t ion  d i scharge  in  t he  cu l t iva t ion  o f  t omato  and  to  
compare  i r r i ga t ion  appl i ca t ion  e ff i c iency wi th  ex i s t i ng  fu r row 
i r r iga t ion .  In f i l t r a t i on  i s  one  o f  t he  most  impor t an t  so i l  pa ramete rs  in  
the  des ign  and  evaluat ion  o f  t he  su r face  i r r i ga t ion  methods .  There  a re  
a  number  o f  in f i l t r a t ion  equa t ions  avai l ab l e  t hat  to  expla ins  the  
p rocess  o f  in f i l t r a t ion .  In  th i s  s tud y the  volume bal ance  equat ion  
dur ing  the  i r r i ga t ion  i s  used .  Wate r  advance t es t  was  conducted  a t  t he  
Badam Bagh  agr i cu l tu re  resea rch  s t a t i on  in  Kabu l ,  Afghani s t an .  The 
i r r i ga t ion  d i scharge  for  tomato  c rop  was  0 .00148m 3 / s ec ,  which  i s  l i ke  
the  amoun t  o f  wate r  the  fa rmers  have  been  us ing  to  i r r i ga t e 
agr i cu l tu ra l  f i e ld .  Af t e r  ca l cu l a t ion  app l i ca t ion  e ff i c i ency was  57 .4%,  
to  de t e rmine  the  max imum value  o f  i r r i ga t ion  appl i ca t ion  e ff i c i ency,  
we  have  done ca l cu la t ion  of  in f i l t r a t ion  amoun t  wi th  d i ffe ren t  
i r r i ga t ion  d i scharge  such  as  0 .0011m 3 / s ec  which  i s  l e ss  t han  ac tua l  
wate r  d i scharge ,  0 .002m 3 / s ec  and  0 .003m 3 / s ec  wh ich  i s  more  than  
actual  wa te r  d i scharge .  In  o rder  to  compare  app l i ca t ion  e ff i c i ency to  
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conven t ional  i r r i gat ion  d ischarge  (0 .00148m 3 / s ec ) .  C rop  wate r  
r equ i remen t  fo r  t omato  was  4 .2  mm/day on  Augus t  2014  us ing  FAO 
CROPWAT program 8 .0 .  The  va lue  o f  app l i ca t ion  e ff i c i ency were  54 .2 ,  
60 .5  and  59 .2% respect ive l y.  The  max imum wate r  app l i ca t ion  
e ff i c i ency was  60 .4% wi th  i r r i ga t ion  d ischarge  0 .002m 3 / s ec .  i n  t h i s  
case  we  can  save  5 .1% i r r iga t ion  wate r  i n  each  i r r i ga t ion  schedul ing .  
3.  Mulching  sys tem f or conserving  i rr igat ion  w ater  
As ment ioned  in  t he  p rev ious  chapte r,  Afghanis t an  c l imate  
va r i es  f rom a r id  i n  t he  sou th  and  southwes t  t o  semi -  ar id  in  most  o the r  
pa r t  o f  t he  count ry.  The  more  than  ha l f  o f  t he  coun t r y annual  
p reci p i t a t i on  ranging  f rom about  100 -  300  mm and remain ing  par t  o f  
the  coun t r y rece ives  300 to  800 mm of  p recip i t a t i on  and  mos t l y occur  
in  winte r  s eason .  The  seasonal  va r i a t i on  o f  t empera tu re  (35 -40°C)  i s  
obvious  a l l  over  the  co unt r y .  In  d i ffe rent  ecologica l  zone  o f  
Afghani s t an ,  i n  sp r ing  season  somet ime  t empera tu re  i s  be low zero  
degree  and  b r ing  sever  damage  to  p l an t .  Al so  in  co ld  areas  some c rop  
a re  cu l t i va t ed  l a t e  and  ce r t a in  t ime  p l ant s  do  no t  r each  matu r i t y.  In  
summer  season  evapo t ransp i ra t ion  ra t e  a r e  h igh  and  dai l y  peak  o f  6 -
8  mm.  In  the  coun t r y a round  90 ,000 ha  o f  l and  i s  under  vege tab le .  
One  o f  them i s  tomato  c rop ,  tomato  c rop  growing dur ing  the  sp r ing  
and  summer  seasons  in  man y regions .  Al so  tomato  cu l t i va t ion  has  
man y i ssues  due to  low t empera ture  i n  ea r l y sp r ing  and  wate r  de f i c i t  
in  summer.  To ge t  a  good  harves t ,  use  o f  p l as t i c  mulch  i s  e ffec t ive  
inc reas ing  so i l  t emperatu re ,  conserv ing  so i l  moi s tu re  and  weed 
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con t ro l .    
The  ob ject ive  o f  th i s  s tud y i s  t o  measure  the  in f lu ence  o f  mulch  
su r face  co lo r  on  re f l ec t ed  l i gh t  and  de te rmine the  e ffec t s  o f  va r ious  
mulch  su r face  co lo r s  on  yi e ld  of  f r esh  market  t omatoes  p l an ted  in  t he  
sp r ing .  The  exper iment  was  conduc ted  fo r  t h ree  years  a t  Qargha 
resea rch  s t a t i on  o f  Kabu l ,  Afghan is tan .  Three  co lo r s  o f  mulch  
mate r i a l  a long wi th  con t ro l  were  cons idered .                       
The  ex per imenta l  p lo t s  cons is t  o f  27  m long and  0 .7m wide .   Tr i ck l e  
i r r i ga t ion  tub ing  were   app l i ed  in  a l l  p lo t s  under  mulches ,  each  
mulch  p lo t  was  45  ho le  wi th  spaced  0 .6m,  p l an t  were  t r ansp lan ted  on  
the  midd le  o f  May i n  2009 ,  2010  and  2011 ,  and  so i l  t emperatu re  were  
measured  a t  7  cm dep th  a t  9 :30  am.  The  so i l  t emperatu re  were  in  
average  23 .3 ,  22 .9 ,  22 .2°C  fo r  b l ack ,  r ed  and  whi t e  mulch  respec t ivel y.  
Appl yin g  p l as t i c  m ulch  could  inc rease  so i l  t emperatu re  2 .4  to  4 .2°C 
as  compared  to  con t ro l  namel y bare  so i l .  Fo r  the  re l i ab l e  so i l  
t empera tu re ,  we  ex tended  our  s tud y and  used  so i l  t emperatu re  da t a  
logger,  so i l  t empera tu re  were  31 ,  30 .6 ,  28 .1  and  26 .9°C  fo r  b l ack ,  r ed ,  
wh i t e  and  bare  so i l  in  the  mon th  o f  Augus t .  The so i l  t emperature  i n  
ba re  so i l  was  a lways  lower  t han  that  o f  under  mulches ,  and  the  
max imum so i l  t emperatu re  were  under  b l ack  p l as t i c  mulch ,  fo l lowed 
b y the  red  mulch  and  whi t e .  Sur face  re f l ec t ed  l i gh t  was  det e rmin ed  
us ing  p yranomete r,  and  the  reading were  f rom black  mulch  6 .7 ,  r ed  
mulch  35 .5  and  whi te  mulch  48 .3%.  Tomato  s iz e  ha rves t ed  under  t he  
wh i t e  p l as t i c  mulch  was  l a rger  t han  that  of  fo r  b l ack ,  r ed  p l as t i c  
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mulch  and  bare  so i l .  Three  year  average  yi e lds  were  39 ,  37 ,  35 ,  and  
25  ton/ha  fo r  wh i t e ,  b l ack ,  r ed  and  cont ro l  r espec t ivel y.  Al l  co lo red  
p l as t i c  mulch  gave  s igni f i can t l y h igh er  yi e ld  than  that  o f  con t ro l ,  
the re  was  no  s ign i f i cant  d i ffe rence  in  t he  average  f ru i t  we ight  among 











万 ha の 50 %しか、農地として利用されていない。一方、同国の灌漑農















マト畑での畦間灌漑での適用効率を現行の 57.4 %から 60.5 %まで向上








t/ha に増加させることが可能であること、さらに 3 年間の平均でもマ
ルチ区は統計的にも有意差があることを明らかにした。加えて、本研究
成果の現地での技術普及の方法について、同国の農業普及員とミラブ
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C h a p t e r  1  
 




1.1  In troduct ion   
1 .1 .1  Background  
Afghani s t an  i s  an  en t i r e l y l andlocked coun t r y locat ed  in  
southern  Asia  and  i s  loca t ed  to  t he  eas t  o f  Ir an  and  bo th  nor th  and  
wes t  o f  Pak is t an .  Other  coun t r i es  making  up  the  bo rder  inc lude  
Turkmen is t an ,  Uzbeki s t an ,  and  Taj ik i s tan ,  on  the  eas t e rn  s ide  o f  the  
count r y,  Afghan is t an  a l so  shares  a  sm al l  s ec t ion  o f  the  bo rder  wi th  
China ,  wi th  a  to t a l  boundar y l ength  o f  5 ,529  km.  Afghan is t an  has  a  
to t a l  l and  a rea  o f  rough l y 652 ,000  km 2 ,  ex t ending  1 ,240 km NE –
SW and  560  km SE –NW (Geograph y 2 001)  (Fig  1 -1 ) .  The  topograph y 
o f  Afghan is t an  i s  d iv ided  p r imar i l y i n to  th ree  reg ions :  the  pas to ra l  
f a rmland in  t he  no r th ,  the  cen t ra l  h igh lands  in  the  middle  sect ion  o f  
the  count r y ( includ ing  the  maj o r i t y o f  t he  Hindu  Kush  Mounta ins ) ,  
and  the  mos t l y ba r r en  and  windswept  deser t  o f  t he  sou thern  p l a t eau .  
Afghani s t an  i s  charact e r iz ed  b y t yp ica l  c l imate  va r ying  f rom ar id  to  
semi -a r id  l and .  At  grea t e r  a l t i tudes ,  p recip i t a t i on  i s  h igh  and  the  
growing seasons  a re  shor t e r  due  to  f ros t  hazard  in  mounta inous  zone 
o f  t he  coun t r y where  p recip i t a t ion  i s  su ff i c i en t ,  t he  ava i lab i l i t y o f  
agr i cu l tu ra l  l and  i s  a  l imi t ing  fac to r.  In  t he  f l a t  a reas ,  growing 
seasons  a re  su ff i c i en t l y  l ong  even  fo r  double  c ropping  bu t  t he  l im i t ing  
fac to rs  a re  e ffec t ive  ra in fa l l  and  i r r i gat ion  water  ava i l ab i l i t y.  The 
c l imate  o f  Afghan is t an  i s  not  f avorable  for  r a in - fed  agr i cu l tu re .  
Dur ing  win te r,  t emperatures  a re  l ow and  p rec ip i t a t ion  occurs  in  fo rm 
o f  snow whereas  du r ing  summer,  t emperatu res  a re  h igh  and  ra in fa l l  i s  
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vi r tual l y z e ro .  Wi thout  i r r i ga t ion  suppl i es  these  a r id  to  semi -ar id  
a reas  cannot  suppor t  in  agr i cu l tu re .  The h i s to r y o f  i r r i ga t ed  
agr i cu l tu re  in  Afgh ani s t an  goes  back  to  more  the  4 ,500 years  ago .  
Except  fo r  a  f ew a reas  where  ra in  fe d  agr i cu l tu re  can  be  p rac t i ced ,  
agr i cu l tu ra l  p roduct ion  in  mos t  o f  t he  count r y i s  no t  poss ib le  wi thout  
i r r i ga t ion  as  t he  ra in fa l l  i s  e i t he r  meager.  
Afghani s t an  i s  an  agra r i an  coun t r y wi th  more  than  80  % of  t he  
popu la t ion  l i v ing  in  the  ru ra l  a reas .  The  econ om y o f  t he  count r y i s  
based  on  agr i cu l tu ra l  p roduct s  and  l ives tock .  About  85  % of  a l l  c rops  
in  Afghani s t an  a re  grown  under  i r r i ga t ion .  The  majo r  s t ap le  c rop  i s  
whea t ,  o f  wh ich  80  % i s  sown as  a  win te r  c rop .  Other  gra ins  i nclude 
maize ,  r i ce ,  ba r l ey,  pu lses ,  po t a toes ,  on ions ,  tomatoes ,  and  severa l  
f ru i t  c rops  includ ing  melons ,  wate r  melons ,  ap r i co t s ,  pomegrana tes  
and  grapes  a re  a l so  p roduced bo th  fo r  domest i c  consumpt ion  and  
exper t s .  
Afghani s t an  a rable  land  i s  abou t  8  mi l l ion  ha ,  which  i s  12  % 
of  t o t a l  l and  a rea .  There  are  onl y 50  %  of  t he  to t a l  cu l t i vab le  l and  
which  i s  no t  cu l t i va t ed  because  o f  t he  l ack  o f  su ff i c i en t  o f  wate r.  
There  a re  rough l y 3 .9  mi l l ion  ha  o f  cu l t iva t ed  l and  in  Afghani s t an ,  
1 .3  mi l l i on  ha  o f  wh ich  i s  r a in - fed  and  2 .6  mi l l ion  ha  i s  i r r i ga t e d .  
Wate r  i s  t he  l i f eb lood  of  the  people  of  Afghani s t an ,  no t  ju s t  fo r  l i v ing ,  
bu t  a l so  fo r  t he  econom y,  which  has  t r ad i t ional l y been  domina ted  b y 
agr i cu l tu re .  The p ro longed  s i t uat ion  o f  v io l en t  conf l i c t  and  pol i t i ca l  
in s t ab i l i t y  c rea t ed  ser ious  p rob lems  wi t h  agr i cu l tu re  and  i r r i ga t ion  
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act iv i t i es .  The e ffec t s  o f  war  and  neg lec t ,  FAO of  1997,  e s t imates  
about  1 .7  mi l l i on  ha  requi red  rehabi l i t a t ion ,  and  another  0 .68  mi l l ion  
ha  requ i red  improved on -  f arm wate r  management  cond i t ions .  Abou t  
46% of  t he  i r r i ga t ion  s t ructu res  a re  damaged ,  and  88% of  t he  
i r r i ga t ion  s t ruc tu res  a re  t r ad i t ional  wh ich  a re  respons ib l e  for  40  % of  
the  to t a l  wate r  l os s .  Ir r i ga t ion  pr io r i t y p roblems  include  loss  o f  wate r  
wi th in  the  s ys t em,  poor  d i s t r ibut ion  o f  wate r  over  t he  growing season ,  
poo r  agronomic  p ract i ces ,  and  fa rmers  usua l l y have  poor  knowledge 
about  c rop  wate r  r equ i remen ts  and  over  i r r i ga t ion  o f  c rops  i s  a  
common p rac t i ce .  Overal l  e ff i c i ency i s  on l y about  25  to  30  %.  Due  to  
low use  e ff i c i ency and  l ack  o f  inpu t ,  c rop  yi e lds  a re  ve r y l ow.  Afghan 
fa rmers  use  centu r i es  o ld  fa rming t echniques  and  l i t t l e  knowledge  on  
new i r r iga t ion  t echno logies  and  cu l tu ra l  p ract i ces  i s  ava i l ab l e  t o  t he  





Admini s t ra t i vel y,  Afghani s t an  i s  d iv ided  in to  34  p rov inces ,  
each  p rov ince  cons is t i ng  in  a  number  o f  d i s t r i c t s .  Wi th in  these  
d i s t r i c t s  mos t  f ami l i es  l i ve  wi th in  v i l l ages .  Rura l  househo lds  make  
up  some 80  % of  t he  to t a l  na t ional  popula t ion  o f  approx imate l y 27  
mi l l i on  ( ICARDA,  2003) .  They l ive  in  approx imate l y 20 ,000  v i l l ages  
scat t e red  across  Afghani s t an .  Majo r i t y  o f  the  ru ra l  popula t ion  i s  smal l  
subs is t ence  fa rmers  who  l ive  on  smal l  p lo t s  o f  l and  (Weger i ch ,K.  
2009)  Afghan is t an ' s  capi t a l  c i t y,  Kabul ,  i s  loca t ed  in  the  eas t  cent ra l  
pa r t  o f  t he  coun t r y  (F ig .  1 -2) .   
The  average  ho ld ing  was  3  ha  in  1987 .  The  vas t  majo r i t y  o f  
ho ld ing  fa l l  in  the  range  o f  0 .5  to  6  ha .  Ho ld ing  under  20  ha  accoun ted  
for  60  % of  l and  ownership  in  1987  and  those  over  100  ha  fo r  8  %.  
Sou rc e :  Q u re s h i ,  20 0 2  
Fig .  1-1  Map of  Af ghani s tan  wi th  surrounded countr i es  
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Dis t r ibut ion  o f  f a rm s ize  i n  i r r i ga t ed  and  ra in - fed  agr i cu l tu ra l  a reas  




Sou rc e :  ma ps  o f  w or l d . c o m      
Fig .  1-2  Pol i t i ca l  map of  Afghan is tan  
Table  1 -1  Farm s i ze  d i s tr ibut ion  in  Afghani s tan  




Mediam 1.4 ha 6-7 ha
Source: Qureshi, 2002 
Sou rc e :  Q u re s h i ,  20 0 2       
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1.1 .2  Topography  
Afghani s t an  i s  moun ta inous  topograp h y wi th  h igh  s lop e  and  
h igh  e l eva t ion .  Al though  the  average  a l t i t ude  o f  Afghani s t an  i s  abou t  
1 ,200  m ,  the  Hindu  Kush  moun ta in  r ange  r i s es  to  more  than  6 ,100  m 
in  the  no r the rn  corner  o f  t he  Wakhan panhandle  in  t he  no r theas t  and  
con t inues  in  a  southwes te r l y d i rec t ion  fo r  about  970 km ,  d iv id ing  the  
Nor thern  p rovinces  f rom the  res t  o f  t he  count r y (F ig .  1 -3 ) .  Cen t ra l  
Afghani s t an ,  a  p l a t eau  wi th  an  average  e l evat ion  o f  1 ,800  m ,  conta ins  
man y smal l  f e r t i l e  val l eys  and  provides  exce l l en t  graz ing  for  sheep ,  
goa ts ,  and  camel s .  To  the  no r th  o f  t he  Hindu  Kush and  the  cen t ra l  
moun ta in  range ,  the  a l t i t ude  d rops  to  abou t  460 m,  pe rmi t t i ng  the  
growth  o f  co t ton ,  f ru i t s ,  g ra ins ,  ground  nut s ,  and  o ther  c rops  
(Meredi th ,  L,  .Runion ,  2007) .  Sou thwes te rn  Afghani s t an  i s  a  dese r t ,  
ho t  in  summer  and  cold  in  winte r.  
 
Sou rc e :  u n i t e d  N a t io n s  200 1  
Fig .  1-3  High  e l evat ions  and  s lopes  of  Afghanis tan  
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1.1 .3  Agro  ecolog ical  zone   
Agro -ecological  zones  and  wate rsheds  a re  the  most  s ign i f i cant  
c r i t e r i a  fo r  zon ing  o f  agr i cu l tu re .  However,  the  ident i f i ca t ion  and  
del imi t a t ion  o f  agro -ecological  zones  in  Afghani s t an  i s  r a the r  
d i ff i cu l t .  Afghani s t an  has  a  ve r y va r i ed  geograph y,  wi th  l i t e ra l l y  
thousands  o f  mic rocl imates  and  micro -  wa te rsheds ,  and  f requent l y 
condi t i ons  change  f rom one  va l l ey to  another,  wi th in  a  f a i r l y shor t  
d i s t ance .  The  main  ins t rument  fo r  analyz ing  ag ro -ecological  zones  in  
the  Afghani s t an  l and  cover  At l as ,  p repared  b y FAO,  publ i shed  in  1999 
on  sa t e l l i t e  and  ground in fo rmat ion  da t ing  f rom 1990 -93 .  As  l and  use  
somewhat  changed  over  t he  in t e rven ing  years ,  and  normal l y va r i es  
f rom one  year  t o  t he  nex t  acco rding  to  ra in fa l l  and  c l imat i c  condi t i ons  
(Ad i l ,  2001,  FAAHM.  FAO,  2003) .   
However,  i n  ce r t a in  a reas  o f  t he  Afghan is t an  the re  i s  some 
in format ion  about  cu r ren t  l and  use  pat t erns ,  and  th i s  was  used  
complementa r i l y  t o  t he  l and  cover  a t l a s  in  those  pa r t i cu l a r  l ocat ions .  
Changes  concern  severa l  f ac to r s :  encroachment  o f  r a in - fed  
cu l t iva t ion  in to  grass l and ,  changes  in  wate r  r i gh ts  den yin g  access  t o  
wate r  b y fa rmers  a t  the  t a i l  o f  cer t a in  i r r i ga t ion  s ys t ems ,  des t ruc t ion  
o r  det e r io ra t ion  o f  some i r r i ga t ion  s ys t ems  dur ing  the  wars  o f  t he  
1990s ,  and  changes  caused  b y popula t ion  d isp l acement  because  o f  
changing  c ropping  pa t t e rs .  For  i n s t ance ,  some a reas  had  been  
c l ass i f i ed  in  the  a t l as  as  i r r i ga t ed  a reas  wi th  one  c rop  per  year,  
because  a t  the  t ime  they were  devo ted  to  co t ton  (one  c rop  per  year )  
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bu t  now they a re  devo ted  to  o ther  c rops  that  a l l ow fo r  two  c rops  pe r  
year,  such  as  wheat  fo l lowed  b y maize ,  r i ce  o r  pul ses  (UNEP,  2003) .  
The most  usua l  c l ass i f i ca t ion  o f  agro -eco logica l  zones  fo r  
Afghani s t an  includes  a  to t a l  o f  e l even  zones ,  o f  wh ich  on ly n ine  have  
an y agr i cu l tu ra l  s ign i f i cance  ( the  o th er  two  a re  t he  dese r t s  i n  t he  
Sou th -  Wes t  and  the  Wakhan  Cor r ido r  l ead ing  to  t he  Pami r  Knot  in  
the  Nor theas t  ( ICA RDA,  2002) .    
The  b roken  re l i e f  and  wide  range  o f  a l t i tude  in  Afghan i s t an  
leads  to  a  grea t  va r i a t ion  in  c l imate  wi th in  re l a t i vel y smal l  d i s t ances .  
A s impl i f i ed  ve rs ion  o f  t he  e l even  geograph ical  zones  i s  shown in  
Tab le  1 -2  (FAO,  2006 ,  Mai l ,  FAAHM,  FAO,  2003) ,  and  the  UN  
plann ing  reg ions  cons i s t  o f  p rov inces  i s  shown in  Tab le  1 -3  and  
number  o f  f a rms ,  i r r i ga t ed  l and  and  ra in  fed  l and  o f  each  agro -  
ecological  zone  and  reg ion  o f  Afghani s tan  i s  shown in  Tab le  1 -4 .  
 
  
Table  1 -2  Cl imat i c  types  of  Af ghani s tan  
1.Extern North Continental desert climate
2.South Sub- tropical desert climate
3.Northwest Continental semi- arid mediterranean climate
4.Lower central and Southeast Warm semi- arid mediterranean climate
5.North East Central Continental semi- arid to moist mediterranean
with winter frost
6.Lower Kabul Valley Dry steep frost
7.Hige mountains,center and NE  Alpine
Reguin Climate type






For  the  pu rpose  o f  t he  p resen t  ana lys i s ,  t he  geograph ica l  
subd iv is ion  o f  the  Afghan agr i cu l tu ra l  s ec to r  i n to  e l even  agro -
Table  1 -3  UN p lanning  regions  in  Af ghani s tan  
Region
North Balkh, Faryab, Jauzjan, Samangan, Sar-i-pul
Northeast Badakhshan, Baghlan, Kunduz,T akhr
West Herat, Farah, Badghis
west-Central Ghor, Bamyan
Central Kabul, Parwan, Kapisa, Logar, Wardak
South Paktika, Paktya, Khost, Ghazni
East Nangarhar, Laghman, Kunar, Nuristan
Southwest Nimroz, Helmand, Kandahar, Zabul, Uruzgan
Provinces
Table  1 -4  farms  w i th  i rr igated  or ra in -f ed  land  
With
rainfed land
Total 1,063,269 944,561 444,169
Agro-ecological zone
Badakhshan mountains 35,346 26,006 30,218
Central mountains 167,168 151,940 97,797
Eastern mountains 175,327 172,583 14,964
Southern mountains 79,426 79,426 18,021
Northem mountains 281,048 202,864 233,774
Turkistan plains 74,857 67,520 24,417
Herat- Farah lo wlands 146,759 143,815 14,718
Helmand River valley 103,338 100,406 10,260
Region
North 177,504 129,862 134,809
Northeast 164,134 132,761 105,027
West 196,371 177,583 63,291
west-Central 75,463 60,235 60,911
Central 104,796 104,546 18,193
South 72,871 72,871 24,711
East 125,946 123,452 10,724






ecological  zones  were  adopted .  These  zones  re f l ec t  bas i c  ecological  
p roper t i e s  o f  l and  and  c l imate ,  p lus  some supplemen ta r y c r i t e r i a  
about  access ib i l i t y and  p revai l ing  agr i cu l tu ra l  ac t iv i t y.  In  fac t ,  a rab le  
l and  i s  onl y a  f rac t ion  o f  each  zone’s  t e r r i to r y.  F ig .  1 -4 ,  shows main  
c l asses  o f  l and  cover  i n  each  agro -eco logical  zone.  The  zones  ind eed  
have  des igna t ions  that  a l l ude  to  a  b road  s t re t ch  o f  t e r r i t o ry,  such  as  
“Nor thern  Moun ta ins  and  Foo th i l l s ” .  However ,  g iven  the  moun ta inous  
geograph y o f  Afghani s t an ,  agr i cu l tu ra l  ac t iv i t y does  not  occup y a  
con t iguous  and  homogeneous  s t r e t ch  o f  the  count r y.  Agr i cu l tu re  i s  
poss ib l e  onl y in  speci f i c  pa t ches  o r  s t r i ps  o f  l and  in  the  numerous  
moun ta in  val l eys  and  the  thousands  o f  mic ro -wate rsheds  c rea t ed  b y 
numerous  s t r eams  coming down f rom the  mounta in  ranges .  More  o r  
l e ss  con t iguous  and  re l a t ive l y ex t ens ive  agr i cu l tu ra l  a reas  onl y ex is t  
in  some par t s  o f  t he  t e r r i t o r y ( such  as  the  Turki s t an  P la ins  o r  t he  
Nor thern  Foo th i l l s )  where  f l a t  o r  gen t ly undula t ing  l and  p revai l s ,  bu t  
even  there  t he  ac tual  cond i t i ons  o f  t he  t e r ra in  and  the  cap r i c ious  
natu re  o f  wa te r  supp l y impose  a t  the  bes t  o f  t imes  onl y a  pat chwork  
o f  cu l t i vab le  and  uncu l t i vable  l and  ra the r  than  a  cont inuous  pat t e rn  





1.2  Cl imate  
The  ranges  in  a l t i t ude  p roduce  a  c l imate  wi th  both  t emperat e  
and  semi t rop ical  charact e r i s t i c s ,  and  the  seasons  a re  c l ea r l y marked  
th roughout  t he  count r y.  Wide t empera tu re  va r i a t i ons  a re  usual  f rom 
season  to  season  and  f rom day to  n igh t .  Typ ical  o f  a  s emi -a r id  s t eppe  
c l imate ,  win t e rs  a re  b i t t e r l y co ld  wi th  heav y snow in  the  moun ta ins ,  
and  summers  a re  hot  and  d r y.  (Afghani s t an  in  pe rspect ive ,  
2012) .There  i s  much sunshine ,  and  the  a i r  i s  usual l y c l ea r  and  d r y.  
Wind veloci t y i s  h igh ,  e speci a l l y i n  t he  wes t  pa r t  o f  t he  count r y.  
  
Fig .  1 -4  Main  c las ses  of  land cover in  each  agro -ecolog ical  zone  of  
Afghan is tan   
H e l ma n d  v a l l e y,  S i s t a n  b a s i n  
H e r a t ,  F a r a h  l o wl a n d s  
C e n t r a l  mo u n t a i n s  
Tu r k i s t a n  p l a i n  
S o u t h e r n  mo u n t a i n s  
a n d  fo o t h i l l s  
E a s t e r n  mo u n t a i n s  
a n d  fo o t h i l l s  
N o r t h  e a s t e r n  mo u n t a i n  
N o r t h e r n  mo u n t a i n s  a n d  fo o t h i l l s  
Sou rc e :  Ma i l ,  FA A H M,  FA O ,  200 3  
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1.2 .1  Temperature  
The  dai l y and  the  seasonal  va r i a t ions  o f  t empera tu res  
p reva i l i ng  a l l  over  the  count r y l ead  to  d i ffe ren t  l engths  o f  growing 
seasons ,  and  requi re  a  ca re fu l  s e l ec t ion  o f  t he  most  su i t ab l e  c rop  fo r  
an  a rea .  This  i s  r e f l ec t ed  in  man y r egions  we l l  known fo r  t he i r  
pa r t i cu l a r  agr i cu l tu ra l  p roduc ts  ( e .g .  grapes ,  melons ,  r a in - fed  wheat )  
o r  t he i r  na tu ra l  fo res t  cover  (p i s t achio  t r ees ,  p ines) .  In  the  south -
wes t e rn  dese r t  p l a ins ,  f ros t  can  occur  in  an y month  o f  th e  year  even  
when  t empera tu res  r each  a  dai l y max imum of  up  to  40  °C .  Dai l y 
min imum temperatu res  i n  t he  Nor thern  p l a ins  can  be  as  l ow as  -20  °C 
in  winte r  and  as  h igh  as  +50  °C  in  summer  a t  one  and  the  same 
locat ion .  
The  annual  t emperatu re  ranges  wi l l  impact  c l imate  spec i f i c  
supp l y cyc l es  because  o f  Afghani s t an ’s  ve r y warm summers  and  cold  
winte r s  (F ig .  1 -5  and  1 -6 ,  r espect ivel y) .  The  t emperatu res  in  
Afghani s t an  var y widel y due to  the  va r i ab i l i t y i n  topography.  Al t i t ude  
has  a  d ramat i c  e ffec t  on  t empera tu res .  A i r  t emperatures  decrease  as  
e l evat ion  inc reases  as  a  func t ion  o f  the  env i ronmenta l  l apse  ra t e ,  
wh ich  averages  about  6 .5  °C  per  1 ,000  m o f  e l evat ion .  Wi th  much  o f  
Afghani s t an  dominated  b y the  Hindu  Kush  Mounta ins ,  a l t i t ude  must  
be  cons idered  ca re fu l l y.  Wi th  peaks  ex ceed ing  5 ,000  m,  t hese  
moun ta ins  have  t emperatu res  t hat  may var y b y 10  to  20  degrees  
Ce ls ius  over  r e l a t i vel y shor t  ho r izonta l  d i s t ances .  Such  var iab i l i t y i n  
tempera tu res  makes  i t  ve r y d i ff i cu l t  t o  charact e r iz e  b road  reg ions  as  
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Sou rc e :  u n i t e d  N a t io n s  200 1  
Fig .  1-5  Af ghani s tan’s  summer temp erature  ex tremes  
Sou rc e :  u n i t e d  N a t io n s  200 1  
 Fig .  1-6  Af ghani s tan’s  win ter temperature  ex tremes  
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1.2 .2  Prec ip i ta t ion   
Prec ip i t a t ion  reg imes  in  Afghani s t an  a re  l a rge l y  con t ro l l ed  b y 
su r face  p ressu re  changes  and  the  e ffec t  o f  o rographic  p recip i t a t ion .  
Winte r s  a re  in f luenced  b y the  S iber i an  h igh  p res su re  s ys t em which  
sp reads  co ld ,  d r y con t inen ta l  a i r  ou tward  in  a l l  d i rec t ions  and  pushes  
the  sub t ropica l  j e t  s t r eam south  o f  t he  Himalayas .  Dur ing  th i s  pe r iod  
p reva i l i ng  winds  a re  t yp ica l l y f rom the  nor thwes t  or  no r th .  This  
r esu l t s  i n  t he  po ten t i a l  fo r  s to rms  f rom the  wes t e rn  Med i t e r ranean  to  
t r ack  ac ross  Afghan is t an  ever y few days .  As  a  r esu l t ,  t he  potent i a l  fo r  
p recip i t a t i on  i s  great es t  in  the  win ter  and  ea r l y sp r ing  and  i s  of t en  in  
the  fo rm o f  snow.  
Afghani s t an  i s  e ssent i a l l y an  a r id  coun t r y,  wi th  more  than  hal f  
o f  t he  a rea  receiv ing  100 mm to  300 mm of  p recip i t a t ion .  The 
remain ing  50  % of  the  count r y (hav ing  a l t i t ude  o f  more  2 ,000 m as l )  
r eceives  300  mm to  800  mm of  prec ip i t a t ion .  About  50  % of  t he  
p recip i t a t i on  occurs  in  winte r  (J anuar y to  March) ,  much of  wh ich  fa l l s  
in  the  fo rm o f  snow.  A fu r the r  30  % fa l l s  i n  sp r ing  (Apr i l  to  June)  and  
the  remain ing 20  %  dur ing  summer  and  autumn (Quresh i ,  2002) .  Tab le  
1 -5 ,  and  1 -6  p resen ts  genera l  f ea tu res  o f  s ix  c l imat i c  zones ,  and  the  
average  reco rds  of  p recip i t a t ion ,  t emperatu res ,  and  







Table  1 -5  General  f eatures  of  6  c l ima ti c  zones  of  Af ghanis tan  
Sou rc e :  Q u re s h i ,  20 0 2   
Table  1 -6  Prec ip i ta t ion ,  t emperatures  and  evapotransp ira t ion  
a t  d i f f erent  l ocat ions  of  Afghan is tan  
Altitude Precipitation Temperature Annual ETP Daily ETP
(m asl) (mm/a) (
o
C) (mm/a) (mm/d)
Shiberghan 360 214 -2-+38 1,420 8
Mazar-i-shar 378 190 -2-+39 1,530 9
Kunduz 433 349 -2-+39 1,390 8
Baghlan 510 271 -2-+37 1,100 6
Jalalabad 580 171 -3-41 1,350 7
Farah 660 77 0-+42 1,610 8
Lashkargha 780 89 0-+42 1,720 8
Maimana 815 372 -2-+35 1,310 7
Herat 964 241 -3-+36 1,720 10
Qandahar 1,010 158 0-+40 1,790 8
Khost 1,146 448 -1-+35 1,390 6
Faizabad 1,200 521 -5-+35 1,020 6
Qadis 1,280 323 -3-+30 1,240 6
Jabul-saraj 1,630 499 0-+31 1,610 9
Kabul 1,791 303 -7-+31 1,280 7
Karizmir 1,905 433 -7-+31 1,100 6
Ghalmin 2,070 222 -8-+29 1,100 6
Ghazni 2,183 292 -11-+31 1,420 7









1 Badakhshan(without wakhan) 300- 800 2-6 1-9
2 Central and Northern mountains 200- 600 2-9 0-8
3 Eastern and Southern mountains 100- 700 2-9 0-10
4 Wakan corridor and Pamir < 100- 500 2-5 5-12
5 Turkistan plains < 100- 400 5-8 0-2
6 Wester+ South-Western lowlands <100- 300 6-12 0-3
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1.3  Agr icul ture  
The  a rab le  agr i cu l tu ra l  r esource  base  o f  Afghani s t an  i s  about  
8  mi l l ion  ha ,  which  i s  12% of  t he  to t a l  l and  a rea .  Majo r  a rable  l ands  
for  pe rmanent  c rops  a re  loca t ed  in  the  no r th  and  wes t e rn  pa r t s  o f  the  
count r y.  The  i r r i ga ted  l and  i s  u sual l y  locat ed  in  t he  r ive r  bas ins  o f  
the  no r th ,  wes t  and  the  sou thwes t .  There  a re  rough l y 3 . 9  mi l l i on  ha  
o f  cu l t i va t ed  l and  o f  wh ich  1 .3  mi l l i on  ha  i s  r a in -  f ed  and  2 .6  mi l l i on  
ha  i s  i r r i ga t ed ,  but  the  yi e ld  on  i r r i ga t ed  l ands  i s  a lmost  t h ree  t imes  
h igher  t han  that  on  ra in - fed  l ands :  2 .95  t / ha  compared  to  1 .18  t / ha  in  
years  wi th  good ra in fa l l ,  F i g .  1 -7  (MAIL,  2009) .  The i r r i ga t ed  a rea  
p roduces  a lmost  85  % of  a l l  agr i cu l tu ra l  p roduct ions .  In  1978,  the  
to t a l  a rea  ( i r r i ga t ed  and  ra in - fed )  under  ce rea l  c rops  was  abou t  3 .4  
mi l l i on  ha .  Afghan is t an  grew about  95  % of  i t s  needs  in  whea t  and  
r ye ,  and  more  than  met  i t s  needs  in  r i ce ,  po ta toes ,  pu l ses ,  nu t s ,  and  
seeds ,  i t  depended on  impor t s  onl y fo r  some wheat ,  sugar,  and  edib l e  
f a t s  and  o i l s .  F ru i t ,  bo th  f resh  and  p rese rved  (wi th  b read) ,  i s  a  s t ap l e  
food fo r  man y Af ghans .  Agr i cu l tu ra l  p roduc t ion ,  however,  i s  a  
f r ac t ion  o f  i t s  po tent i a l .  Agr i cu l tu ra l  p roduc t ion  i s  cons t ra ined  b y an  
a lmost  t o t a l  dependence on  e r ra t i c  win te r  snows  and  sp r ing  ra ins  fo r  
wate r,  i r r i ga t ion  i s  p r imi t ive .  Re la t ivel y l i t t l e  u se  i s  made  o f  
machines ,  chemica l  f er t i l i z e r,  o r  pes t i c ides .  
The var i e t y o f  t he  count r y ' s  c rops  co r responds  to  i t s  
topograph y.  The  a reas  a round  Kandahar,  Hera t ,  and  the  b road  Kabu l  
p l a in  yi e ld  f ru i t s  o f  man y k inds .  Corn  i s  grown  ex tens ive l y in  Pakt i a  
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and  Nangarhar  p rovinces ,  and  r i ce  main l y in  Kunduz ,  Bagh lan ,  and  
Laghman  p rovinces .  Whea t  fo rms  the  s t ap l e  food source  (used  in  
b read)  and  hence cu l t i va t ed  in  man y reg ions  both  th rough ra in  fed  and  
i r r i ga t ed  mak ing  up  to  80% of  a l l  g ra in  p roduc t ion .  Tota l  wheat  
p roduc t ion  in  2013 -14  was  es t imated  a t  5 .17  mi l l ion  tons ,  Fo l lowing 
whea t ,  t he  most  impor t an t  c rops  in  2013 -14  were  ba r l ey (514,000  t )  
maize  (312,000  t ) ,  r i ce  (512 ,094  t ) ,  po ta toes  (302,980  t ) ,  sugar  bee t  
(14 ,765 t ) ,  sugar  cane (89 ,880  t )  (ASY,  2013 -14)  and  Nut s  and  f ru i t ,  
inc luding  p i s t achios ,  a lmonds ,  grapes ,  mel ons ,  ap r i co ts ,  cher r i es ,  f i gs ,  
mulber r i es ,  and  pomegranates  a re  among Afghani s tan ’s  most  
impor t an t  expor t s .  A wide  var i e t y o f  vege tables  inc luding  onions  and  
po ta toes  a re  cu l t i va ted  bo th  fo r  subs i s t ence  and  as  commercia l  c rops .  
Pota toes  a re  pa r t i cu l a r l y s ign i f i cant  i n  t he  Bami yan ,  Maidan  and  
Ja l a l abad  reg ions  (UNEP,  2003) .  The  econom y o f  t he  coun t r y i s  based  
on  agr i cu l tu ra l  p roduct ion  and  l i ves tock .  The  agr i cu l tu re  sec to r  
con t r ibu tes  up  to  50  % of  the  GDP depending  on  the  weather  
(FAO/WFP,  2004 ,  Lev in ,  20 09) .   Afghan fa rmers  use  centu r i es  o ld  
fa rming t echniques  wi th  ox en  p rovid ing  the  d rought  power.  The  
majo r i t y o f  women in  Afghan is t an  work  in  agr i cu l tu re .  They 
cons t i t u t e  a  l a rge  por t ion  o f  t he  agr i cu l tu ra l  l abor  fo rce .  Es t imates  
indicat e  t hat  t hey account  fo r  over  70  % of  t he  l abor.  Tragica l l y,  
s evera l  decades  o f  war,  l ack  o f  governance  and  d rough t  have 
depressed  the  agr i cu l tu ra l  ac t iv i t i e s  i n  Afghani s t an  and  con t r ibu ted  
to  the  degrada t ion  o f  na tu ra l  r esources .  F ig .  1 -8  i s  shown l and  cover  
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of  Afghan is t an  (NEPA -UNEP,  2009) .  
 
Fig .  1 -7  Irr igated  and  ra in -f ed  arab le  l ands  
Sou rc e :  A IME   
Sou rc e :  A IME   
Fig .  1-8  Af ghani s tan  land  cover  
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1.4  So i l  
Afghani s t an ’s  so i l s  a re  fo rmed under  a r id  and  semi -  a r id  
c l imat i c  condi t i ons .  They a re  s igni f i cant l y charac t e r iz ed  as  zona l  
so i l s  and  put  i n  t he  grea t  so i l  g roups  such  as  dese r t  so i l s  (grey dese r t  
so i l ,  r ed  deser t  so i l s ) ,  s i e rozem redd ish  b rown  so i l s  and  b rown  so i l s .  
Some o ther  grea t  so i l  g roups  under  the  o rders  o f  A zonal  and  in t e r  a  
zona l  a re  compri sed  o f  r egoso ls ,  l i t hosol s ,  a l luvia l  so lonchak and  
so lonetz  so i l s .  These  so i l s  a re  main l y  have  uns t ab le  s t ructu re  and  
more  porous  than  a l luvia l  so i l s  wi th  l ow wate r  hold ing  capaci t y and  
permeabi l i t y.  In f i l t r a t ion  ra t e  a re  h igh  due  to  coarse  t ex tu re ,  and  
l imi t ed  content  o f  o rgan ic  mat t e r  (Sa l em,  MZ,  and  Hole ,  E .D. ,  1969) .  
F ig .1 -9  i s  shows  so i l  r eg ion  o f  Afghan is t an .   
The  mos t  impor t an t  ph ys i ca l  charac te r i s t i c s  o f  t hese  so i l s  
under  a r id  and  semi -  a r id  reg ions  a re :  s t ructu re ,  so i l -  wa ter,  
t empera tu re ,  ae ra t ion ,  i n f i l t r a t ion  ra t e ,  pe rmeab i l i t y,  dens i t y,  and  
pore - s iz e  d i s t r i but ion .  There  i s  a  wide  range  o f  va r i a t ion  regard ing  
ph ys i ca l  p roper t i e s  o f  t hese  so i l s  i n  t he  count r y.  Due  to  the  l imi t ed  
amoun t  of  p rec ip i t a t ion ,  espec i a l l y o n  the  a l l uv ia l  depos i t s  in  a r id  
reg ions  of  Afghani s t an ,  the  so i l s  owe  the i r  d i s t i nc t ive  charact e r  t o  
the  fac t  t ha t  t hey conta in  ex cess ive  amoun ts  o f  e i the r  so lub le  sa l t s  o r  
ex changeable  sod ium or  both .  For  agr i cu l tu ra l  pu rposes  such  so i l s  a re  
r egarded  as  p rob lem so i l s  wh ich  requi re  spec i a l  management  p ract i ces .  
In  genera l ,  o rgan i c  mat t e r  content  even  in  t he  a l l uvia l  depos i t s  
i s  no t  h igher  t han  2 .5%,  whi l e  t he  o rgan ic  content  in  sand y so i l s  i s  
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l e ss  t han  0 .2%.  I t  has  been  recogn ized  tha t  o rgan ic  mat t e r  and  c l ay 
f rac t ions  a re  both  respons ib l e  fo r  the  majo r  po r t ion  o f  so i l  
aggrega t ion .  Organ ic  mat t e r  a l so  has  an  e ffec t ive  in f luence  on  the  
re l ease  o f  macro  nut r i en t s  wh ich  make  them more  avai l ab l e  t o  t he  
p l an t  u se .  Soi l  r eact ion  i s  one  o f  the  mos t  impor t an t  f ac to rs  which  
a ffec t s  the  uptake  o f  p l an t  nut r i en t s  in  a  l a rge  ex t en t .  The  pH o f  t he 
so i l s ,  ex cept  i n  fo res t  a reas  i s  genera l l y h igher  t han  7 .  Soi l  r eact ion  
i s  dependent  upon  the  composi t i on  o f  ex changeab le  ca t ions ,  t he  
natu re  o f  t he  ca t ion  exchange  mate r i a l s ,  and  the  compos i t i on  and  
concent ra t ion  o f  so luble  sa l t s  i n  t he  so i l s .  Soi l s  h aving  pH grea t e r  
than  8 .5  i nd icat e  an  ex changeab le  sod ium percen tage  o f  25  o r  more .  
In  Afghani s t an  where  annual  p recip i t a t ion  i s  l imi t ed ,  and  more  than  
hal f  a rea  o f  the  coun t r y rece ives  f rom100  -300  mm,  o rgan ic  mat t e r  
con ten t  i s  ve r y ra re  in  the  deser t  so i l s ,  l i t hosol s ,  and  regosol s ,  bu t  i n  
the  s i e rozems ,  b rown and  a l luvia l  so i l s ,  the  o rganic  mat t e r  con ten t  i s  
p resent  up  to  2 .5%.  Al l  these  benef i c i a l  e ffec t s  on  so i l  aggrega t ion  
s t ab i l i t y,  fo rmat ion  of  t he  c l ay par t i c l es  and  re l ease  o f  mic ro -  
e l emen ts  a re  o r ig inat ed  f rom the  in t egra t ed  ac t iv i t y o f  so i l  mic ro -  
o rgani sms,  decompos i t i on  o f  o rgan ic  mat t e r  and  o ther  r e l a t ed  fac tor s  





1.5  Vegeta t ion  
The  p l ant  cover  o f  Afghani s t an  has  been  in f luenced  h igh ly b y 
d iverse  ecological  condi t i ons ,  r anging  f rom bar ren  dese r t s  ( s and  dune 
a reas ) ,  t o  sub - t rop ical  r eg ions  to  s t eppes  ( t he  most  impor t an t  graz ing  
a reas ) ,  to  the  r ive r  val l eys  (a reas  o f  vege ta t ion  and  cul t iva t ed  f ru i t  
o rchards ) ,  t o  the  h igher  mounta ins  including  areas  o f  s emi  dese r t  
(Nancy,  1991) .  Thus ,  t he  p recip i t a t i on  and  a l t i t ude  a re  the  main  
fac to rs  r esu l t i ng in  the  d ivers i t y o f  t he  count r y’ s  f lo ra .  A l imi t ed  par t  
in  t he  south  eas t  which  belong to  the  sub - t rop ical  zone,  r eceive  the  
impac t  o f  the  Indian  monsoons  (Breckle ,  2007) .  The d iver ’s  
ecological  condi t i ons  i n  Afghani s t an  have  favored  the  es t ab l i shment  
Sou rc e :  N R C S  
Fig .  1-9  Soi l  regions  of  Afghan is tan  
23 
 
of  a  complex  and  var i ed  f lo ra l  compos i t i ons .  Groombridge  (1992)  
g ives  an  es t imate  o f  3 ,500 spe c i es  o f  vascu lar  p l an ts  and  30 -35  % of  
endemic .  Due to  t he  l as t  th ree  decades  o f  war  cond i t i on  coup led  wi th  
a  s ix  year  l ong  drough t  t he  agr i cu l tu re  sector  i n  Afghan is t an  has  been  
grea t l y damaged  and that  way i t s  p roduct iv i t y have  decreased  b y 50  % 
(P i r .M.Aziz i ,  2002) .  To  compensa t e  fo r  t h i s  lo s s ,  ru ra l  peop le  have 
s t a r t ed  to  u t i l i z e  t he  f ree  na tu ra l  r esources .  Smuggl ing  o f  t imber 
del ibe ra t e  bu rn ing  o f  fo res t s ,  overg raz ing ,  cu t t i ng  o f  woodland ,  
up roo t ing  o f  medic inal  p l an ts  and  convers ion  of  r ange land  to  ra i n - fed  
c ropping  has   become the  da i l y bus iness  o f  t he  people .  Th is  i s  an  
ex cess ive  removal  o r  ex t e rminat ion  o f  some indigenous  spec i es  o r  
endemic  to  Afghani s t an .  The coni fe rous  and  Oak fo res t  wh ich  covered  
1 .3  mi l l i on  (FGP,  1971)  and  450,000  ha  o f  l and  (UNC CD,  2006)  has  
decreased  b y be tween 50  % and  50 -70  % respec t ivel y (UN EP,  2002) .  
Vege ta t ion  o f  dese r t s ,  s t eppes  and  mounta inous  a reas ,  cover ing  70  % 
of  the  to t a l  l and  area  have  decreased  b y  45  % (UNCCD,  2006 )  because  
o f  ex t rao rd inar i l y s t rong exp lo i t a t ion .  I f  t he  s i tua t ion  con t inues  in  
the  same way,  Af ghan is t an  wi l l  lo se  some o f  i t s  va luab le  wi ld  p l an t  
gene t i c  r esources  i n  t he  near  fu ture  (Naser i ,  2003) .  In  t hei r  na tura l  
hab i t a t  even  now the  fo l lowing p l ant  speci es  a re  endangered:  P i s t ac i a  
ve ra ,  P inus  ge ra rd i ana ,  Cedrus  deodara ,  Taxus  bacca t a ,  Gl ycyr rh iza  
g lobra ,  Feru l a  asa fe t ida ,  Carum carv i e t .  P r io r  t o  t he  war  some o f  t hese  
wi ld  t r ee  spec i es  such  as  p i s t ac i a  ve ra  and  P inus  ge ra rd iana  s t ands  
were  consc ious l y p ro t ect ed  because  the i r  s eeds  were  used  by the  loca l  
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people  and  even  expor t ed  in  remarkab le  quant i t i e s  F ig .  1 -10  show s  
vege ta t ion  o f  Afghani s t an .  
 
 
1.6  Drought   
Man y par t s  o f  Afgh ani s t an  wi th  the  except ion  o f  no r theas te rn  
h igh lands  a re  fac ing  f requent  drought s  ( Kamal ,  B .e t . a l ,  2004) .  
Drough t  which  o ccurred  p rev ious l y had  a ffec t  on l y to  some par t  o f  
the  coun t r y and  had  l as t ed  fo r  onl y m ax imum per iod  o f  2  years .  But  
the  cu r rent  d rough t  has  so  fa r  cont inued  fo r  3  to  4  years .  Thi s  has  
a ffec t ed  ru ra l  and  u rban  a reas  o f  Afghan is t an ,  ex cep t  fo r  f ew places  
Fig .  1 -10  Vegeta t ion  map of  Afghan is tan  
Sou rc e :  ag -  a f gh an i s t an . de  
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locat ed  in  t he  val l ey a long the  pe rennia l  r i ve r s .  The  d rough ts  r eco rded  
so  fa r  in  t he  coun t ry can  be  ca t egor ized  as :  
1 -  Loca l  d rough t  in  smal l  par t s  o f  the  count r y;  occur r ing  each  3  to  5  
ye ars .  
2 -  Regional  (zonal )  d rough t  occur r ing  each  9  to  11  years .  
3 -  Coun t r ywide  d rought s  occurr ing  each  20  to  30  years .  
P re l iminar y es t imates  sugges t  t ha t  the  cu r ren t  d rough t  has  imposed  
nega t ive  impact s  on  the  a t  l eas t  ha l f  o f  the  popula t ion  (Beurs  .K .  M. ,  
2008 ,  Al im,  A .  k .  e t  a l ,  2010) .  3  t o  4  mi l l i on  people  a re  a ffec t ed  
severa l ,  8 -12  mi l l i on  a re  under  t h reat  of  f amine  and  s t a rvat ion .  An 
es t imated  700 ,000 people  abandoned thei r  houses  in  search  o f  food ,  
wate r  and  fodder  (pas ture ) ,  a round 300 ,000  have f l ed  t o  neighbor ing 
count r i es  and  more  than  400,000  peop le  ( IDPs )  have  moved  to  the  
c loses  and  sa fes t  p l aces .  
Al l  va l l eys  and  low l and  p l a ins  wi th  an  a l t i t ude  lower  than 
2 ,000  m as l  except  fo r  t he  va l l ey o f  main  r ive r s  c ros s ing  the  a rea ,  
wh ich  cons i s t  mos t  o f  th e  ra in  fed  l ands  a re  se r ious l y a ffec t ed  b y the  
d rought .  According  the  repor t s  f rom the  f i e ld ,  a l l  ephemeral  r i ve rs  
d r i ed  out  i n  ea r l y sp r ing  and  perennia l  r i ve rs  in  ea r l y o r  mid -summer.  
Dur ing  the  recent  d rough t  wate r  l eve l  i n  the  ex i s t ing  rese rvoi rs  
o f  t he  count r y has  reached to  t he  c r i t i ca l  and  even  some o f  them  have  
d r i ed  comple t e l y.  The e ffec t  o f  d rough t  su r face  wate r  r esources  and  
groundwate r  r esources  i s  a l so  no t i ceable .  As  per  an  es t imate ,  a l l  
t r ad i t i ona l  i r r i ga t ion  s ys t em have  reduced  o r  d r i ed  up  co mple t e l y.  60 -
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70  % of  Karez  a re  not  cu r ren t l y i n  use  and  85  % of  the  sha l low wel l s  
were  d r i ed  ou t .  The main  reason  for  l ow d ischarge  or  f a i lu re  i s  the  
low groundwate r  r echarge .  In  addi t i on  to  t h i s ,  d igging  o f  deep  wel l s  
c lose  to  ka rez  and  sha l low wel l s  impo sed  adverse  e ffec t s  on  the  
d i scharge  o f  these  t r ad i t i ona l  i r r i gat ion  s ys t ems  (WFP,  2003 .  
Keshawarz ,  2002) .   
Man y f ru i t  t r ees  and  v ineyards  have  d i ed .  Yie ld  reduc t ions  o f  
up  to  75 –100  % of  the  no rmal  ha rves t  have been  reco rded  in  t hese  
a reas .  In  man y a reas ,  people  a re  fac ing  shor t ages  o f  s a fe  potable  wa te r  
due  to  t he  decrease  o f  wate r  i n  the  underground aqu i fe rs ,  and  par t  o f  
count r y wh ich  e f fec t ed  d rough t  a re  shown in  Fi g .  1 -11  (Akhta r .  M. ,  
2004 ,  Grace .  J . ,  Pa in .  A . ,  2004) .  Lives tock  numbers  have been  grea t l y  
reduced  over  the  l a s t  f ew years  due  to  con t inuous  d rough t ,  whi l e  
an imal  b i r th  ra t es  have a l so  gone  down due to  poor -qua l i t y 
pas tu re l ands  (Anonymous ,  2004) .  
So urce  Al i m 20 02  
Fig .  1-11  Drought  ef f ec t  area  surveyed by d i f f erent  
organizat ion  
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1.7  Objec t ives  
1 .7 .1  Overa l l  ob ject ives  of  th is  d is ser tat ion  
Shor t age  o f  wa te r  can  be  de f ined  as  t he  lo sses  o f  agr i cu l tu r a l  
p roduc t iv i t i e s  t hrough  var ious  p rocesses ,  such  as  h igh  
evapot ranspi ra t ion  ra t e ,  h igh  on - fa rm di s t r i but ion  losses ,  h igh  run -
o ff ,  over  i r r i ga t i on ,  poor l y l evel ed  l and ,  and  deep  perco la t ion ,  l ow 
knowledge  o f  f a rmers  about  c rop  wate r  r equ i remen t ,  and  l ack  o f  agro -
meteorological  dat a .  The object ives  o f  t h i s  r esea rch  ent i t l ed  as  “S tud y 
on  e ffec t ive  u t i l i z a t ion  o f  i r r i ga t ion  wate r  i n  Afghani s t an”  a re :  
(1)To improve  i r r i gat ion  wate r  use  e ff i c i ency,  t h rough es t imat ing  pan  
evaporat ion  in  Kabul  Afghani s t an .  
(2)To es t imat ing  op t imum i r r iga t ion  d ischarge  under  fu r row i r r iga t ion  
in  Afghani s t an .  
(3)To d i scuss  mulching  s ys t em f or  conserv ing  i r r i ga t ion  wate r.  
 
1.7 .2  Object ive  of  each  chapter  
In  o rder  t o  achieve  the  overa l l  ob j ect ives  and  to  make  c l ea r  the  
fo l lowing resea rch  s t ruc tu re  were  fo rmula t ed  as  shown in  F ig .  1 -12  
and  ca r r i ed  out .  
Chapter 1  dea l t  genera l  s i t ua t ion  o f  Afghani s t an  l ike  
i r r i ga t ion  wate r  p roblems ,  topograph y,  agro  ecological  zone ,  c l imate ,  
agr i cu l tu re ,  so i l ,  and  vege ta t ion  expressed  as  a  background .  
Topograph y o f  t he  count r y va r i es  f rom high  mounta in  to  l ow dese r t ,  
wi th  d i ffe ren t  agro -ecological  zones ,  a s  wel l  a s  a l t i tude  t emperatu re  
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which  var i es  f rom season  to  season  and  f rom day to  n ight ,  and  the  
hal f  o f  t he  coun t r y  receiv ing  100 mm to  300  mm precip i t a t ion  per  
year,  t here fo re ,  agr i cu l tu r a l  p roduc t iv i t i es  i s  ver y l ow.  The main 
problems in Afghanistan are  explained in  background 
statement .   
Chapter 2  dea l t  i n  p resen t  condi t i on  o f  i r r i ga t ed  agr i cu l tu re  
in  Afghan is t an .  Most  o f  t he  c rops  in  Afghani s t an  a re  growing under  
i r r i ga t ion .  The i r r i gat ion  s ys t em in  Afghan is t an  a re  t r ad i t i ona l  and  i t  
i s  ve r y poor  condi t ion  a t  p resen t  wi th  l ow e ff i c i ency.  The  r ive r s  
r eg ime  in  Afghan i s t an  depend on  annua l  r a in  and  snow mel t  in  
h igh land  above  2 ,000  m in  e l evat ion ,  a t  p resent  su r face  f low a t  those  
r ive rs  have been  reduced  compared  wi th   no rmal  yea r .  Lowland in  
dese r t  pa r t  o f  the  count r y faced  shor t age  o f  wate r.  Due  to  t he  war,  
canal  management  s ys t em has  been  co l l apsed ,  and  0 .68mi l l i on  ha  o f  
on  fa rm wate r  management  i s  r equ i red  to  be  improved.  The  canal s  
over  t here  a re  complet e l y s i l t ed ,  b reached,  a nd  they a re  not  
func t ion ing  as  t he  pas t .  About  46  % of  the  i r r i ga t ion  s t ructu res  a re  
damaged  and  88  % of  the  i r r i ga t ion  s t ructu res  a re  t r ad i t i onal  wh ich  
a re  respons ib l e  fo r  40  % of  the  to t a l  wa te r  l os ses .  The meteo ro logica l  
and  h ydrologica l  s t a t ions  were  t he  main  source  o f  dat a  .However,  a l l  
these  s t a t i ons  have  been  comple t e l y des t ro yed  dur ing  the  year  o f  war  
and  conf l i c t .  Al though Afghani s t an  has  l imi t ed  wate r  r esources ,  and  
due  to  l as t  drought  ground  wate r  d i scharge  decreased ,  and  d rop  in  the  
groundwate r  t ab l e ,  mos t  ka reze  and  shal low wel l  d r i ed .  Farmers  are  
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i gnorant  on  ac tual  c rop  water  r equi rement s ,  and  over -  i r r i ga t ion  o f  
c rop  i s  a  common p ract i ce .  Overal l  e ff i c i ency i s  onl y abou t  25 -30  %.    
Chapter 3  had  focused  on  meteo ro logical  p roper t i es  t o  
es t imate  evapora t ion  in  Kabu l  Afghani s t an .  Pan  evaporat ion  was  
measured  dai l y  and  the  dat a  was  used  to  es t imate  c rop  
evapot ranspi ra t ion  and  es t imate  wate r  r equ i rement  o f  c rops .  Pan  
evaporat ion  can  be  es t imated  eas i l y,  so  t hat  evapo t ransp i ra t ion  o f  t he  
c rops  (ETcrop)  cou ld  be  es t imated  fo r  i r r i ga t ion  schedu l ing  o f  c rops .  
In  t h i s  s tud y Penman mode l  was  adapted  to  es t imate  evaporat ion ,  b y  
compar ing  the  dat a  ob ta ined  f rom pan  evapora t ion  and  observed  
evaporat ion  wi th  a  pan ,  and  o ther    meteo ro logical  pa ramete r s ,  such  
as  a i r  t empera tu re ,  r e l a t i ve  humid i t y,  s unsh ine  hour s  and  wind  speed .   
The  ob ject ive  o f  t h i s  chapte r  was  to  expla in  meteoro logical  
p roper t i e s  and  to  develop  an  appl i cab le  method  fo r  es t imat ing  pan  
evaporat ion  in  Afgh ani s t an .  
Chapter 4  deal  wi th  es t imat ing  i r r i ga t ion  d i scharge  under  
fur row i r r iga t ion  in  Afghani s t an .  From the  v i ewpoin t  o f  opt imum 
app l i ca t ion  e ff i c i ency in  fu r row i r r iga t ion  s ys t em in  Afghani s t an ,  
fa rmer ’s  i r r i ga t ion  d i scharge  were  anal yzed  and  compared  wi th  
s imula t ed  i r r i ga t ion  d i scharge .  For  c onf i rmat ion ,  an  exper imen t  was  
conduc ted  a t  Badam Bagh  agr i cu l tu re  resea rch  s t a t i on  in  Kabul ,  
Afghani s t an ,  and  the  a rea  i s  s emi -a r id  wi th  average  annual  r a in fa l l  o f  
350  mm.  The fu r row was  40  m long wi th  0 .7  m bed  width ,  fu r row 
su r face  width  0 .7m and fu r row  dep th  0 .3  m  respect ive l y,  and  the  
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fur row s lop e  was  0 .02  % along the  d i rec t ion  o f  i r r i gat ion .  The 
fa rmer ’s  i r r i ga t ion  d i scharge  was  measured ,  advance  t imes  were  
measured  a t  each  5  m d is t ance  a long the  fu r row in  o rder  to  es t imate  
in t ake  coeff i c i en ts  and  cum ula t ive  in f i l t r a t ion  amount .  Tomato  c rop  
wate r  r equi rement  ca l cu la t ed  b y FAO  CROPWAT program No .8 .0 .  
Af t e r  t he  resu l t  o f  i r r i ga t ion  ca l cu la t e  and  found  the  i r r i gat ion  wate r  
app l i ca t ion  e ff i c i ency.  To  f ind  the  op t imum i r r iga t ion  e ff i c i ency 
compared  wi th  l e s s  and  more  than  actual  wate r  d i scharge .  
Chapter 5  had  focused  on  e ffec t  o f  d i ffe rent  co lo r s  of  
mulching  mate r i a l  (p l as t i c  f i lm)  which  were  infe r red  to  in f luence  so i l  
t empera tu re ,  so i l  moi s ture  and  yi e ld  o f  tomatoes ,  because  c l imate  of  
a rable  l and  in  Afghan i s t an  i s  charact e r ized  b y a r id  to  semi -a r id ,  and  
the  hal f  o f  the  coun t r y rece iv ing  100 mm to  300 mm prec ip i t a t ion  per  
year,  and  a i r  t emperatu res  dai l y  20 -  30  °C.  
The  exper iment  adap ted  f rom May to  Oc tober  i n  Kabul  
Afghani s t an .  The t r ea tmen t  were  b l ack ,  r ed ,  wh i t e  co lo rs  p l as t i c  
mulch  and  bare  so i l .  So i l  t ex tu re  was  measured  by t r i angle  
c l ass i f i ca t ion  of  in te rnat ional  soc i e t y  o f  so i l  s c i ence ,  add i t i onal l y,  
so i l  pH was  measured .  The  exper iment  des ign  was  a  r andomized  
complet e  b lock  wi th  th ree  rep l i ca t ion ,  t he  exper imen t  p lo t  was  
cons i s t ed  o f  27  m -long,  0 .7  m  wide  and  0 .15  m h igh  ra i sed  bed .  By 
the rmomete r  du r ing  the  growing seas on  so i l  t emperatu re  measured  0 .7  
m depth ,  a s  wel l  a s  r e f l ec t ed  l i gh t  f rom each  su r face  co lo r  mulch  was  
det e rmined  us ing  a  p yranomete r.  F ru i t s  were  ha rves t ed  each  week and  
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s iz e  were  reco rded ,  f i na l l y  da t a  were  anal yzed  s t a t i s t i ca l ly .   
Chapter 6  summar izes  the  ou tcome f rom each  chapte r  s t a t ing  
the  overa l l  conclus ions  in  t h i s  r esea rch  ent i t l ed  “S tud y o n  e f fec t ive  
u t i l i z a t ion  o f  i r r i ga t ion  water  in  Afghani s t an” .  
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C u r r e n t  s i t u a t i o n  a n d  i s s u e s  o f  i r r i g a t e d  




2.1  In troduct ion  
2 .1 .1  Background  
Afghani s t an  has  a  main l y d r y cont inenta l  c l imate  and  90  % of  
the  count r y’s  annual  p rec ip i t a t ion  occurs  du r ing  the  winte r  months  
between  December  and  Apr i l ,  The  quan t i t y,  t iming  and  d i s t r i but ion  o f  
p recip i t a t i on  a re  key fac to rs  in  det e rmin ing  wate r  avai l ab i l i t y  fo r  
i r r i ga t ion  (Vincent  W.Uhi  e t  a l ,  2003,  Ola f .  T. ,  2006) .  Over  80  % of  
p recip i t a t i on  occurs  as  snow dur ing  winte r  i n  a reas  where  e l eva t ion  
i s  grea t e r  t han  2 ,500  m above  sea  l evel .  Whi l e  annual  p recip i t a t ion  
ex ceeds  1 ,000  mm in  the  upper  moun ta ins  o f  t he  no r thwes t ,  i t  i s  l es s  
than  400 mm over  75  % of  t he  c ount r y and  v i r tua l l y  a l l  o f  t he  
cu l t ivable  l ands .  The  t iming and  dura t ion  o f  snowmel t  i s  a  key fac to r  
in  de t ermining  the  quan t i t y and  dura t ion  o f  wa te r  avai lab i l i t y i n  
s t r eams and r ive r s  fo r  i r r i ga t ion  in  l ower  va l l eys .  F ig .  2 -1  shows the  
d i s t r i but ion  o f  i r r i ga t ed  l ands  and  ra in fa l l  i soh ye t s  i n  Afghani s t an .  
Dur ing  the  main  growing per iod  in  t he  l a t e  sp r ing  and  summer  (May 
to  September ) ,  a  gap  ex is t s  be tween the  amoun t  o f  r a in fa l l  and  the  
demand  fo r  wa te r,  r e su l t i ng  in  a  dependence  on  i r r i ga t ion  to  mee t  t he  





This  i s  i l lu s t ra t ed  in  F ig .  2 -2 ,  which  shows  the  average  
month l y ra in fa l l  and  po ten t i a l  evapo t ransp i ra t ion  a t  d i ffe rent  
locat ions  wi th  l a rge  i r r i ga t ed  a reas  l ike  Herat ,  Kandahar,  Kunduz  and  
Mazar- i -Shar i f .  In  t he  summer,  i r r i ga t ion  demand peaks  a t  about  250  
mm to  300  mm per  month  whi l e  t he re  i s  l i t t l e ,  i f  an y,  r e l i ab l e  r a in fa l l .  
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Sou rc e :  A t yp o log y  o f  i r r ig a t ion  s ys t e m in  A fgh an i s t an   




2.2  Water resources  of  Afghan is tan  
Al though  Afghan is t an  i s  l ocat ed  in  ha l f  dese r t  a rea ,  i t  i s  s t i l l  
r i ch  in  wate r  r esources  main l y due  to  the  ser i es  o f  h igh  mounta ins  
such  as  Wakhan ,  Hindukush ,  and  Baba.  In  t he  win te r  s eason ,  t he 
Hindu  Kush  s to res  wate r  in  t he  fo rm o f  snow.  At  the  beginn ing  o f  
sp r ing ,  snow s t a r t s  mel t i ng .  Usua l l y s now mel t  s t a r t  t o  mel t  a t  the  
beginni ng  of  Apr i l ,  and  gradua l l y i nc reased  dur ing  summer  (May -J un)  
and  then  gradual l y  decreased  in  au tumn (Sep -Nov) .  The  snow mel t  
Sou rc e :  Fa v r e  a nd  Ka ma l ,  Wa te r sh ed  A t l a s  o f  A f gh an i s t an  
Fig .  2-2  Rainfa l l  and Potent ia l  evapotranspirat ion  
(monthly  values )  
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belong to  weather  condi t i on  (Quresh i ,  2002) .  
According  to  the  Aini .  A.  2007.and  Mat thew king  . e t . a l  2010 .  The  
main  su r face  wa te r  r esources  o f  Afghani s t an  a re  d iv ided  in to  the  
fo l lowing f ive  r iver  bas ins :   
1 .  The Amu Dar ya  r ive r  bas in  in  t he  no r th  o f  the  coun t ry f lowing 
f rom eas t  t o  wes t .  
2 .  The Nor th  f lowing r ive r  bas in  tha t  e i the r  d i sappear  in s ide  or  
ou ts ide  o f  t he  coun t r y.  
3 .  The  Har i -  Rud  r ive r  bas in  f l owing toward  the  wes t ,  t hen  nor th  and  
ente r ing  Turkmeni s tan .  
4 .  The  Helmand  r ive r  bas in  f l owing toward  the  south -wes t  and  ponds  
in  Hamun - i -Sab i r i .  
5 .  The  Kabu l  r ive r  bas in  f l owing toward  the  eas t  and  jo in ing  the  
Indus  R iver  i n  Pak i s t an ,  Fig .  2 -3 .  
 
1 .  Amu Darya r iver bas in :   
The  Amu Dar ya  River,  a l so  ca l l ed  the  Oxus  in  Afghani s t an ,  
o r ig inat es  i n  t he  Afghani s t an  par t  o f  the  Pami r  R iver  fo rmer l y ca l l ed  
the  Ab i -Pan ja ,  i t  fo rm over  1100 km of  Afghani s t an ’s  no r the rn  bo rder  
wi th  Taj ik i s t an  and  Turkmen is t an .  Two main  t r i buta r i es  d ra in  
Afghani s t an ,  t he  Kunduz  River  ( and  i t s  t r i bu ta r y the  Khanabad)  and  
the  Kokcha  River,  bo th  o r ig ina t e  in  no r theas t e rn  Hindu Kush.  The  
r ive rs  a re  pe rennia l  wi th  subs t ant i a l  f low snowmel t  in  t he  months .  
These  two  r ive rs  bas ins ,  and  the  upper  d ra inage  a re  o f  t he  Amu Dar ya ,  
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cover  14% of  Afghani s t an  o r  abou t  91 ,000km 2 .   
2.  Northern f lowing r ivers :   
These  R ivers  o r ig inat e  f rom on  the  no r the rn  s lope  o f  t he  Hundu  
Kush and  f low nor thwards  towards  the  Amu Dar ya  R iver.  Most  o f  
these  r ive r s  d i e  out  o f  Turki s t an  p l a ins  be fo re  reaching  the  Amu Dar ya .  
From wes t  t o  eas t ,  t he  main  r ive rs  i nc lude  the  Shi r in  Tagab ,  the  
Sarepu l ,  t he  Ba lkh  and  the  Khu lm r ive rs .  These  r iver s  bas in  cover  
12% of  Afghani s t an ,  o r  abou t  75 ,000km 2 .  
3.  Hari -Rod and Murghab  r iver bas ins:   
The  Har i -  Rod  River,  which  has  d ra inage  a rea  o f  abou t  40 ,000 
km 2 ,  o r  6  % o f  Herat  and  in to  the  Is l amic  Repub l i c  o f  I r an .  At  the  
I ran i an  border,  the  r i ve r  tu rns  no r thwards  and  even tua l l y empt i es  i n to  
to  Tejen  Oas is  i n  Turkmen is t an .  Because  of  t he  na r row and e longa ted  
conf igu ra t ion  of  t h i s  r i ve r  bas in ,  t he  Har i -  Rod doesn’t  have  
s i gn i f i cant  t r ibuta r ies .  Another  r i ver,  t he  Murghab  R iver,  wi th  
d ra inage  a rea  40 ,000  km 2 ,  o r  6  % o f  the  a rea  o f  Afghan is t an ,  a l so  d i es  
ou t  in  Turkmen is t an .     
4.  Helmand r iver bas in  and  w es tern  f lowing  r ivers :   
The  Helmand  bas in  i s  t he  l a rges t  in  Afghan is t an .  The  1 ,300  km 
long Helmand River  r i s es  out  o f  t he  cent ra l  Hindu  Kush  Mounta ins ,  
c lose  to  t he  headwate r s  o f  t he  Kabu l  Rivers .  The  r ive r s  f l ow in  the  
south  wes t er l y d i rec t ion ,  t hen  wes twards  to  i t s  t e rminus  in  t he  S i s t an  
marsh  o r  depres s ion  a long  the  bo rder  wi th  t he  Is l amic  Republ i c  Iran .  
The  Helmand  r ive r  f low in  most l y supp l i ed  b y the  upper  ca t chmen t  
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areas  t hat  r ece ive  snowfal l  i n  the  win te r  months .  The r ive rs  f l ow in  
most l y supp l i ed  b y the  upper  ca t chment  a reas  t hat  r eceive  snowfal l  i n  
the  wint e r  mon ths .  The  r ive r  and  i t s  t r i bu ta r i es ,  such  as  t he  Arghandab 
and  Ghazni  r i ver s ,  d ra in  about  29  % of  Afghan is t an ’s  a rea  o r  abou t  
190,000km 2 . t he  Adraskan  o r  Harut -  Rod  the  Farah  Rod and Khask  Ro d 
r ive rs  a l so  d ra in  in to  t he  S i s t an  marsh .  These  r ive r s  d ra in  the  
southwes tern  pa r t  o f  Afghan is t an .  Which  i s  80 ,000km 2  o r  12  % of  
Afghani s t an ’s  a rea .  
5.  Kabul  River bas in :   
The  Kabul  R iver  o r iginat es  in  the  cen t ra l  r eg ion  o f  t he  Hindu 
Kush,  about  100  km wes t  o f  Kabu l ,  and  has  a  d ra inage  a rea  o f  
54 ,000km 2  i n  Afghani s t an .  I t  f l ows  eas tward  th rough  Kabul  and ,  af t e r  
en t e r ing  Pakis t an ,  jo ins  t he  Indus  r ive r  eas t  o f  Peshawar.  I t s  main  
t r ibuta r i es  inc lude the  logar,  Panj sher  (wi th  i t s  own majo r  t r i bu tar y  
the  Ghorband) ,  Loghman -  Al ingar  and  Kunar  r i ve rs  Table .2 -1  exp la in  
r i ve r  bas ins  o f  Afghan is t an .  Mos t  o f  t he  these  r i ve rs  a re  pe rennia l  
wi th  peak  f low dur ing  the  sp r ing  months  as  the i r  d ra inage  a rea  
encompasses  the  snow -  covered  cen t ra l  and  nor theas t e rn  pa r t s  o f  t he  
Hindu  Kush  .  The Kabu l  River  i s  the  on l y r ive r  i n  Afghan is tan  that  i s  
a  t r i bu ta r y to  ano ther  r ive r  s ys t em,  the  Indus  River,  wh ich  reaches  the  
Ind ian  Ocean .  Other  minor  Indus  t r ibuta r i es ,  wi th  a  combined  
d ra inage a rea  o f  18 ,600  km 2 ,  d ra in  sou theas t e rn  Afghanis t an  and  a l l  
eas twards  in to  Pak is t an  and  even t ua l ly  j o in  t he  Indus  River.  The 
Kabul  R iver,  and  t r i bu ta r i es  o f  Indus  toge ther  d ra in  11  % of  
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Afghani s t an .  
Presen t  s t a tus  o f  wa te r  r esources ,  obv ious l y,  ex t ended  d rough t  
has  no t  onl y caused  the  reduct ion  o f  the  su r face  wate r  but  s evere l y 
d imin ished  the  capaci t y o f  ground wate r,  t oo  (ADB,  2005) .  The l a t e r  
r educ t ion  i s  mani fes t ed  in  d ras t i c  d rop  o f  t he  l evel  o f  underground  
wate r,  pa r t i cu l a r l y in  t he  south  and  south -wes t  of  the  count r y where  
d rought  i s  more  severe  t han  an y o ther  pa r t s .  As  a  r esu l t ,  man y Kar ezes  
(underground tunne l )  and  sp r ings  a re  e i t he r  dr i ed -  up  o r  p roduce  
min imum quant i t y o f  wate r. a t  p resen t  su r face  f low at  d i ffe rent  r i ver s  
a l l  over  t he  count r y  i s  r educed  f rom 40  % to  65  % of  t he  no rmal  year  
capaci t y (WHO,  2004 ,  Az iz i ,  2002) .  The present  s t a tus  o f  f r esh  wate r  
f l ow in  the  main  r ive r  bas ins  i s  shown in  Tab le  2 -2 ,  and  ind ica t ed  tha t  
the re  i s  an  over  50  % reduct ion  o f  f r esh  wate r  a t  t he  count r y l eve l .  
The  r iver  r eg imes  in  Afghani s t an  depend  on  annual  r a in  and  
snow mel t  i n  h igh land  above  2 ,000  m in  e l evat ion  and  rep resented  
80  % of  Afghan wate r  r esources  (exc luding ground  wate r )  o f  t he  
count r y.  The  annua l  wa te r  r eceived  f rom snowmel t  i n  h igh land  i s  
e s t imated  to  be  150 ,000  mi l l ion  m 3  and  the  res t  o f  t he  count r y 
received  on l y 30 ,000  mi l l ion  m 3  t h rough ra in fa l l  r e su l t s  a  t o t a l  of  
180 ,000  mi l l i on  m 3  fo r  the  who le  coun t r y.  Out  of  to t a l  runo ff  i n  
Afghani s t an ,  on l y 15  % cont r ibutes  t o  r echarge  ground wate r  i n  t he  
count r y.  The to t a l  annua l  d i scharge  o f  t he  r ive r  bas ins  i s  84 ,000  
mi l l i on  m 3  (47  %)  o f  t he  to t a l  p recip i t a t ion  in  t he  count r y.  de t a i l s  i s  







Fig .  2 -3  River Bas ins  in  Afghani s tan  
Sou rc e :  A IM S  
Table  2 -1  River bas ins  in  Afghanis tan  
Sou rc e :  Q u re s h i 20 0 2  
Table  2 -2  Main  r iver bas in  and es t imated  mean  annual  
vo lume (mi l l ion  m 3 )  





AmuDarya basin 41,000 53,030
Desert basin 328,000 9,300
Kabul river basin 73,000 21,670
Total 442,000 84,000
River basin Area Water                 Rivers
(%) (%)
Amu Darya 14 57 Amu Darya, Panj, Wakhn, Kunduz, Kokcha
HariRod –Murghab 12 4 Hari Rod, Murghab, Koshk
Helmand 41 11 Helmand, Arghandab, Tarnak, Ghazni, Farah,Khash
Kabul (Indus) 11 26 Kabul, Konar, Panjshir, Ghorband, Alinigar,Logar
Northern 11 2 Balkh, Sar-i-Pul, Khulm
non-drainage area 10
Source: Qureshi 2002





Table  2 -3  Annual  d ischarge  of  each  r iver bas in  in  Afghanis tan  
Sou rc e :  Wa t e r sh ed  a t l a s  o f  A fg ha n i s t a n  






Amu Darya Abi- Panja Snow/glacier-fed 36,420 43
Kokcha Snow/glacier-fed 5,700 7
Kunduz Rain/ Snow-fed 6,000 7
Total Amu Darya 48,120 57
Kabul/ Indus Gomal Rain/ Snow-fed 350
Margo, Shamal, khuram Rain/ Snow-fed 400
Panjshir Rain/ Snow-fed 3,130 4
Kunar Snow/glacier-fed 5,250 18
Kabul, itself Rain/ Snow-fed 2,520 3
Total Kabul/ Indus 21,650 26
Nortern Rivers Khulm Rain/ Snow-fed 60
Balkhab Rain/ Snow-fed 1,650 2
Abi-i-Safid Rain/ Snow-fed 40
Shirin Tagab Rain/ Snow-fed 100
Amu Darya desert Rain/ Snow-fed 30
Ttal Northern 1,880 2
Helmand Farah Rod Rain/ Snow-fed 1,250 1
Adraskan Rod Rain/ Snow-fed 210
Khuspas Rod Rain/ Snow-fed 40
Khash Rod Rain/ Snow-fed 170
Kaj Rod Rain/ Snow-fed 60
Ghazni rod Rain/ Snow-fed 350
Helmand at Kajaki DAM Rain/ Snow-fed 6,000 7
Musa, Qala Rod Rain/ Snow-fed 220
Arghandab Rain/ Snow-fed 820 1
Lower, Helmand Rain/ Snow-fed 110
Southern Rain/ Snow-fed 70
Total Helmand 9,300 11
Har-i- Rod Murghab Rain/ Snow-fed 1,350 2
Kashan and Kushk Rod Rain/ Snow-fed 110
Har-i-Rod Rain/ Snow-fed 1,600 2
Total  Har-i-arod 3,060 4
Grand Total 84,010 100
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2.3  ground w ater resources  
Approx imate l y 15  % of  t he  to t a l  wa te r  volume used  annual l y 
o r ig inat es  f rom  Karezes ,  sp r ing  and  shal low wel l s  ( loca l ly  ca l l ed  as  
Arhads) .  Al luv ia l  groundwate r  aqui fe rs ,  and  sp r ings ,  con t r ibu tes  
a lmost  85  % f rom r ive rs  and  s t reams .  Ground wate r  used  f rom deep  
wel l s  accoun ts  fo r  l e ss  t han  0 .5  % (Favre  and  Kamal ,  2004) .  
Afghani s t an ’s  wate r  r esources  a re  s t i l l  l a rge l y underused  which  i s  
suppor t ed  b y the  da ta  p resented  in  Table  2 -4 .   
Es t imat ions  o f  groundwate r  average  annua l  r echarge  and  usage 
wi th in  the  f ive  r ive r  bas ins  a re  shown in  Tab le  2 -5 .  The  to t a l  r echarge  
for  conf ined  and  unconf ined  aqu i fer s  i s  roughl y 10 .6  b i l l ion  m 3  pe r  
year  whi l e  usage  i s  2 .8  b i l l ion  m 3  pe r  year .  
 
 
Table  2 -4  Es t imate  surf ac e  and groundwater Ba lance  
(b i l l ion  m 3 / year)   
Water resources Potential Present use Balance Future use Balance
Surface water 57 17 40 30 27
Ground water 18 3 15 5 13
Total 75 20 55 35 40
Table  2 -5  Groundwater in  Afghan is tan  (mi l l i on  m 3 /year)  





Amu Darya 2,970 100
Total 10.650 2,800
Sou rc e :  U h l ,  A n  O ve r v i e w o f  G rou nd wa t e r  R eso u rce s  a nd  C h a l l e nge s  
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In  Afghani s t an ,  groundwate r  has  t r ad i t ional l y been  deve loped 
and  u t i l i z ed  fo r  i r r i ga t ion  purposes .  Afghan is t an  possesses  huge  
rese rves  o f  groundwate r.  Accord ing  to  FAO 1996 ,  es t imates  o f  t he  
annual  potent i a l  o f  the  groundwate r  in  the  count r y i s  about  20  b i l l ion  
m 3 / year  (BCM).  At  p resent ,  on l y 3  BCM i s  being used .  In  more  recent  
year s ,  deep  d r i l l ed  wel l s  have  become a  more  common means  o f  
ex t rac t ion  fo r  i r r i gat ion  usage  par t i cu la r l y i n  t he  Tarnak ,  Ghazni ,  
Kabul  and  Logar  r i ve r  val l eys .  
Karezes  a re  undergroun d  s ys t ems ,  which  t ap  groundwate r  b y  
grav i t y f rom the  aqu i fer  t o  p rov ide  wate r  fo r  i r r i ga t ing  c rops  and  
domes t i c  pu rposes .  Ten  top  p rovinces  o f  Afghan is t an  hav ing  h ighes t  
pe rcen tage  o f  a rea  i r r i ga t ed  wi th  groundwate r  i r r i ga t ion  a re  g iven  in  
Tab le  2 -6 .  
2.3 .1  Shal low  wel l s  (arhad)  sys tem  
Groundwate r  i s  l i f t ed  f rom l a rge  d i amete r  shal low wel l s  wi th  
the  help  o f  whee l  ( a rhad)  wi th  an imal  power  supp l ying  i r r i ga t ion  
wate r  t o  t he  f i e lds  o f  an  indiv idua l  f a rmer.  The  s iz e  o f  the  i r r i ga t ed  
i s  u sed  i t  l and  does  no t  ex ce ed  3  ha .  The to t a l  number  o f  sha l low 
wel l s  i n  Afghanis t an  i s  6 ,598 that  i r r i gat e  a round  12 ,060 ha  o f  l and .  
2.3 .2  Spr ings  
When  groundwate r  tab l e  r eaches  above  the  ground  su r face ,  i t  
s t a r t s  f l owing on  the  su r face  and  fo rm sp r ings .  Numerous  ru ra l  
communi t i es  depend on  sp r ing  wate r  fo r  i r r i ga t ion  and  o ther  uses .  For  
these  communi t i es ,  the  sp r ing  i s  o f t en  the  on l y pe rennia l  wate r  supp l y 
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and ,  t he re fo re ,  es sent i a l  t o  househo ld  and  communi t y sus t a inab le .  
There  a re  about  5 ,558 sp r ings  in  t he  count r y,  which  i r r i ga t e  abou t  
188,000  ha  o f  l and .  Ir r i ga t ed  a rea  pe r  sp r ing  averages  rough l y 30  ha  
bu t  r anges  up  to  more  than  200 ha .  The  number  o f  sp r ing - fed  
i r r i ga t ion  s ys t ems  and  associ a t ed  i r r i ga ted  a rea  pe r  province  i s  shown 
in  F ig .  2 -4  and  Fig .  2 -5 .  Spr ings  a re  d i rec t l y dependen t  upon  the  
groundwate r  l eve l .  When  the  groundwate r  l eve l  goes  down,  e .g .  
du r ing  d rought  year s ,  i t  r esu l t s  in  a  r educt ion  o f  ou t f low f rom sp r ings .  
Tha t  i s  wh y,  some o f  t he  wors t  d rough t  s t r i cken  a reas  o f  t he  count r y 
a re  l ocat ed  in  reg ion  where  they depend  heavi l y on  sp r ing  wate r  fo r  
i r r i ga t ion .  Spr ing  i r r i ga t ion  i s  common in  t he  eas t  and  in  the  south  
(Keshawarz .  M.S . ,  2002) .  
 
Sou rc e :  G o v.  o f  A f gh an i s t an ,  198 0  s t a t i s t i c a l  ye a rb ook  
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Fig .  2-4  Number of  spr ing -  f ed  sys tems per province  
R i v e r  b a s i n s r  
S p r i n g s  –  n o .  p e r  p r o v i n c e  
<  1 0 0  
1 0 0  - 2 5 0  
2 5 0  -  5 0 0  
5 0 0  - 1 , 0 0 0  






R i v e r  b a s i n s r  
S p r i n g s  –  a r e a  p e r  p r o v i n c e  
( h a )  
<  5 , 0 0 0  
5 , 0 0 0  -  1 0 , 0 0 0  
1 0 , 0 0 0  -  2 0 , 0 0 0  
2 0 , 0 0 0  -  4 0 , 0 0 0  
>  4 0 , 0 0 0  
N o  d a t a  
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Fig .  2-5  Irr igated  area  of  spring -  f ed  sys tems  per province  
Table  2 -6  Ten  prov inces  wi th  the  h ighest  percentage  of  i rr igated  
area  wi th  groundw ater  
Name of the province














Sou rc e :  IC A R D A ,  2 00 2  
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2.3 .3  Karez  (qanat )  sys tems   
Karezes  a re  underg round  ga l l e r i es  tha t  t ap  groundwate r  f rom 
the  aqu i fe rs  o f  a l l uvia l  f ans .  Underground tunne ls  wi th  gent l e  s lopes  
ca r r y wa te r  f rom the  source  to  t he  se t t l ed  a reas .  Karezes  a re  usual l y 
smal l  in  d imens ions  but  may be  man y k i lomete r s  in  l ength  (F ig .  2 -6 ) .  
The  t echn ique has  been  used  fo r  t housands  o f  year s  in  Afghani s t an ,  
I r an ,  t he  Middle  Eas t  and  Nor th  Af r i ca .  I t  i s  one  o f  t he  mos t  
economical  methods  o f  t apping  groundwate r  fo r  i r r i ga t ion  purposes .  
I t  i s  envi ronmenta l l y sa fe  and  wate r  i s  d rawn  b y use  o f  grav i t y.  On  
average ,  t he i r  d i scharge  var i es  be tween  0 .01  m 3 / s ec  t o  0 .2  m 3 / s ec  bu t  
in  some cases  can  reach  up  to  0 .5  m 3 / s ec .  Karez  wa ter  i s  u sed  fo r  
i r r i ga t ion  purposes ,  i r r i ga t ed  a rea  ranges  f rom 10  ha  to  200  ha .  A s  
wel l  a s  fo r  d r inking  wate r  supp l y.  
In  Afghan is t an  t he re  6 ,741  Karezes  and  these  Karezes  i r r i ga t e  
about  163 ,000  ha  of  l and .  Karez  i r r i ga t ion  i s  common in  t he  south  and  
southwes t  of  t he  coun t r y and  l es s  i n  the  no r th  of  t he  coun t r y,  Karez  
i r r i ga t ed  a rea  pe r  p rov ince  i s  shown in  Fig .  2 -7 .  One  o f  the  
d i sadvan tages  o f  the  Karezes  i s  t ha t  t he re  i s  no  mechani sm to  s top  
wate r  f rom f lowing dur ing  winte r  o r  when  the re  i s  no  need  fo r  
i r r i ga t ion .  In  each  Karez  abou t  25  % of  t o t a l  annual  vo lume o f  wa te r  
i s  was t ed .  P rov ince  wi se  d i s t r ibut ion  o f  d i ffe re nt  i r r i ga t ion  s ys t ems  
in  Afghan is t an  i s  g iven  in  Table  2 -7 .  The  key poin t  t o  no te  i s  the  
concent ra t ion  o f  Karez  in  t he  p rovinces  wi th in  the  Helmand r ive r  
bas in ,  wh ich  account s  fo r  more  than  hal f  o f  a l l  Karez  and  more  than  
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70  % of  t o t a l  Karez  i r r i ga t ed  area .  
 
 
Sou rc e :  IC A R D A ,  2 00 2  
Table  2 -7  Province -  wise  d is tr ibut ion  of  d i f f erent  i rr igat ion  
sys tems  in  Af ghani s tan  
No Province Canal Spring Kareze Well Mils
1 Badakhshan 212 82 54 730
2 Badghis 120 50 30 500
3 Baghlan 109 63 565
4 Balkh 250 92 3 82 912
5 Bamyan 179 137 300 651
6 Farah 312 94 352 327 260
7 Faryab 157 79 960 867 1,030
8 Ghazni 818 604 1,516 636 994
9 Ghor 804 570 4 263 500
10 Helmand 227 135 276 60 516
11 Herat 302 153 228 450 1,302
12 Jawzjan 382 87 2 443 475
13 Kabul 177 81 321 436 616
14 Kahdahar 279 258 631 252 383
15 Kapisa 285 72 49 176 638
16 Kunarha 223 67 13 681
17 Kunduz 88 55 363
18 Laghman 45 3 561
19 Logar 154 169 124 91 433
20 Nangarhar 274 210 495 15 1,001
21 Nimroze 193 2 18 140 133
22 Paktia 625 392 528 800 171
23 Parwan 120 93 34 756
24 Samangan 20 73 7 271 190
25 Takhar 316 288 509 653
26 Urozgan 363 429 84 210 1,266
27 Wardak 586 519 336 822
28 Zabul 199 756 743 148 373








Source :  overview o f  water  resources ,  i s sues  2011   






R i v e r  b a s i n s r  
K a r e z  s y s t e m s  –  a r e a  p e r  p r o v i n c e  
( h a )  
<  1 0 0  
1 0 0  -  1 , 0 0 0  
1 , 0 0 0  -  5 , 0 0 0  
5 , 0 0 0  -  1 0 , 0 0 0  
1 0 , 0 0 0  –  3 0 , 0 0 0  
U n k n o w n  
Source :  Gov.  o f  A fghanis tan  s tat i s t i ca l  yearbook  1980  
Fig .  2 -7  Area i rr igated  by  Karez  per provinc e  
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2.4  Water use  in  Afghani s tan  
In  1998 ,  t o t a l  wi thd rawal  was  es t imated  a t  20 .373 b i l l i on  m 3 ,  
o f  which  20  b i l l ion  m 3  o r  98  % was  for  agr i cu l tu re ,  1  % fo r  mun ic ipal  
and  1  % fo r  i ndus t r ia l  pu rposes  (Fig .  2 -8) .  Of  to t a l  wate r  wi thd rawal  
17 .317  b i l l ion  m 3  o r  86  % was  f rom su r face  wate r  sources  and  t he  
remainder  3 .056  b i l l ion  m 3  o r  14% f rom groundwate r  (F ig .  2 -9 ) .  (Rou t ,  
2008 ,  FAO,  201 0)  
 
 
2.5  Irrigat ion  in  Afghani s tan  
The  h is to r y o f  i r r i gat ed  agr i cu l tu re  in  Afghani s t an  goes  back  
to  more  than  4 ,500  years  ago  ( ICARDA,  2002) .  Except  fo r  a  f ew a reas  
where  ra in - fed  agr i cu l tu re  can  be  p rac t i ced ,  agr i cu l tu ra l  p roduc t ion  
Municipalities 1% Industry 1%
Agriculture and 
livestock 98%
Fig .  2 -8  Percentage  of  water 
wi thdraw al  wi th  surf ace  and  
ground  water  
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Fig .  2 -9  Percentage  of  water 
wi thdraw al  by  sec tors  
















in  mos t  o f  t he  count r y i s  no t  poss ib l e  wi thou t  i r r i ga t ion  as  t he  ra in fa l l  
i s  e i t he r  meager  o r  un re l i ab l e .  The  a l locat ion  o f  wate r  and  l and  i s  
c losel y re l a t ed  to  cus toms  and t r ad i t ions  o f  t he  sedenta r y popu la t ion ,  
and  main t enance  works  o f  i r r i ga t ion  schemes  have a lways  been  a  wel l -
def ined  ac t iv i t y  i n  t he  fa rmers ’  s easona l  ca l endar.  The  annual  amoun t  
o f  wa te r  used  fo r  i r r i ga t ion  account s  for  98  % fo r  the  en t i r e  wa te r  
usage .  Ir r i ga t ion  sys t ems  in  Afghani s t an  can  be  d iv ided  in to  two  
cat egor i es :  in fo rmal  or  t r ad i t i ona l  i r r i ga t ion  s ys t ems  (su r face  wa te r  
s ys t ems ,underground wate r  s ys t ems l i ke  ka rez ,  sp r ings  and  wel l s )  and  
formal  o r  modern  i r r i ga t ion  s ys t ems (Qureshi .A.  S . ,  2002) .  
Informal  or Trad i t ional  i rr igat ion  systems  
In fo rmal  s ys t ems a re  t r ad i t i onal l y developed  and  managed b y  
local  communi t i es ,  l a rge l y wi th  l oca l  r e sources  and  knowledge .  In  
most  cases ,  t hese  s ys t ems  have ex i s t ed  fo r  genera t ions  and  have 
undergone  man y soc ia l  and  ph ys i ca l  changes .  Wi th in  info rmal  s ys t ems ,  
i r r i ga t ion  i s  t he  main  usage  o f  wa te r  b y vo lume bu t  t hey a l so  se rve  as  
a  source  fo r  domes t i c  and  l i ves tock  wate r  supp l y,  e i t he r  d i rec t l y o r  
th rough  local  r echarge  o f  shal low wel l s .  These  mul t ip l e  uses  o f  wa te r  
a re  an  impor t an t  f ac to r  i n  s ys t em opera t ion  and  main t enance .  In  l a rger  
s ys t ems ,  an  addi t i onal  i s sue  i s  access  to  and  ac ross  canal s  fo r  t he  
movement  o f  people  and  goods  b y bo th  foo t  and  veh ic l e .  
In fo rmal  a l so  d iv ided  to  smal l  s ca l e  in fo rmal  su rface  wate r  
s ys t ems  and  l a rge  scal e  i n formal  su r face  wa te r  s ys t ems .  
Smal l  s ca le  Tradi t iona l  I rr igat ion  Sys tems :  These  are  cen tu r i es  o ld  
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s ys t ems .  Wate r  i s  sup pl i ed  b y s t r eam f low diver t ed  wi th  the  help  o f  
Temporar y wei rs ,  wh ich  a re  o f t en  locat ed  in  remote  va l l eys  a long a  
s t r eam or  r i ve r  and  var y in  s iz e  (up  to  100 ha) .  These  sys t ems  a re  
cons t ruct ed  and  main t a ined  in  a  t r ad i t i ona l  In fo rmal  method  on  a  
communal  v i l l age  bas i s  and  wate r  r i gh ts  a re  a l so  det e rmined  and  
recognized  in  t he  s imi l a r  manner.  
Large-scale  inf ormal  or modern  surf ace  w ater sys tems :  These  
s ys t ems  a re  main l y  locat ed  in  the  p l a ins  and  a long the  main  r ive r  
val l eys .  Man y v i l l ages  can  share  wate r  f ro m such  a  s ys t em.  Accord ing  
to  t he  wate r  l aws  o f  1981 ,  t he  amoun t  o f  wa te r  needed  fo r  i r r i ga t ion  
i s  de t e rmined  according  to  t he  a rea  under  cu l t iva t ion ,  t he  k ind  o f  c rop ,  
the  i r r i ga t ion  reg ime ,  t he  wa te r  r i gh ts  document ,  t he  l ocal  prac t i ces  
and  the  amount  o f  wate r  in  i t s  source .  However,  i n  p rac t i ce  wate r  i s  
d i s t r i buted  according  to  t he  loca l  t r ad i t i on  and  agreemen ts  between 
fa rmers ,  Mi rab ,  and  the  governmen t .  Each  v i l l age  has  a t  l eas t  one  
wate r  mas t e r  (Mi rab )  who  del ega tes  h i s  au thor i t y t o  sub -wate r  mas t e rs  
r espons ib l e  fo r  t he  a l l ocat ion  o f  wa te r  t o  d i ffe rent  f i e lds  o f  the  
scheme.  
For  the  pas t  30  years  war  and  c iv i l  un res t ,  i r r i ga t ion  s ys t em 
s t ruc tu res  have  been  damaged ,  Rout ,  2008 i t  was  es t imated  that  27  to  
36  % of  a l l  i r r i ga t ion  s ys t ems were  d i rec t l y a ffec t ed  b y war  be fore  
2000  AD.  Ir r i ga t ed  l and  i s  usual l y l ocat ed  in  the  r i ve r  bas ins  o f  t he  
count r y.  FAO sat e l l i t e  su rvey,  conduc ted  in  1993 ,  Tab le  2 -8  shows 
to t a l  i r r i ga t ed  a rea  as  3 .21  mi l l i on  ha ,  of  which  48  % i s  i n t ens ive l y 
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cul t iva t ed  and  52  % in t e rmi t t en t l y wi th  one o r  more  c rops  each  year.  
In  1967,  a  su rvey es t imated  the  to t a l  i r r i ga t ion  a rea  to  be  2 .72  mi l l i on  
ha .  The  su rvey shows the  ex i s t ence  o f  near l y 29 ,000 s ys t ems ,  o f  wh ich  
27  % drew f rom su r face  wa te r  sources  ( r i ver s  and  s t reams) ,  and  the  
remainder  f rom gr oundwate r  sources  l ike  sp r ings ,  Karez  and  wel l s  
(Rou t ,  2008)  (Fig .2 -10) .  Whi l e  sur face  wa te r  s ys t ems made up  l ess  
than  one - th i rd  o f  the  to t a l  number,  they covered  86 .5  % o f  t he  
i r r i ga t ed  a rea ,  conf i rming the  impor t ance  o f  su r face  wate r  as  main  
i r r i ga t ion  wate r  source .  Spr ings  accoun t  a round  7  % o f  the  a rea ,  
Karezes  near  7  % and  shal low and deep  wel l s  abou t  0 .5  % (Favre ,  e t  
a l l ,  2003 and  Kamal ,  e t  a l l ,  2004) .  In  2002 i t  was  es t imated  that  18  % 
of  the  to t a l  a rea  equipped fo r  i r r i ga t ion  on  3 .21  mi l l i on  ha  and  16  % 
of  ac tual l y  i r r i ga t ed  a rea  on  1 .73  mi l l ion  ha  were  i r r i ga ted  us ing  
ground  wate r.  
 
Table  2 -8  Area  equ ipped  for i rr igat ion  
Intensively cultivated 
(2 crops/year)
Intensively cultivated   




Kabul 62,000 244,000 178,100 484,100 15
Helmand 95,000 380,800 900,200 1,376,000 43
Hari Rod- 
Murghab
34,500 138,000 128,400 300,900 9
Northern 40,000 197,800 387,000 624,800 19
Amu Darya 106,200 247,800 48,100 402,100 13
Non- drainage 
area
3,880 10,000 6,700 20,580 1




Sou rc e :  R o u r,  2 00 8   
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They have  undergone  soci a l  and  ph ys i cal  changes ,  and  ex pand  
o r  cont rac t  based  on  water  ava i l ab i l i t y o r  cha l l enges  a r i s ing  f rom 
years  o f  conf l i c t .  In fo rmal  s ys t ems account  fo r  a round 90  % of  t he  
count r y’s  i r r i ga t ed  a rea  (Rout ,  2008) .  They a re  d iv ided  in to  four  
cat egor i es  (Tab le  2 -9 ) .  Also  Percen tage  b y s ys t em t yp e  o f  t o t a l  
number  o f  in fo rmal  s ys t ems and  to t a l  a rea  i r r i ga t ed  i s  shown in  F ig .  




Fig .  2-10  Number of  sys tem in  Afghanis tan  




Spring Karez Well Total
System(No.of) 7,822 5,558 6,741 8,585 28,716
System(%) 27 19 23 30
Area(ha) 2,348,000 187,000 168,000 12,000 2,715,000





2.6  Formal  or modern  i rr igat ion  sys tems  
Modern  i r r i ga t ion  s ys t em have a  pe rmanent  i n t ake  s t ructu re ,  
wh ich  i s  opera t ed  and  main t a ined  b y the  i r r i ga t ion  depar tment .  
Crea t ed  l a rge l y f rom the  l a t e  1940  to  t he  1970 ,  t hese  schemes  combine 
“green  f i e lds”  and  t r ad i t ional  s ys t ems .  They were  a imed  a t  expand ing  
the  agr i cu l tu ra l  p roduc t ion  base  b y developing  new i r r iga t ed  l ands  as  
wel l  as  conglomerat ing  and  improving  ex is t i ng  in fo rmal  s ys tems .  The  
s ign i f i cant  d i ffe rence  i s  t ha t  t he  regula t ion  o f  wa te r  f l ow to  the  
s ys t em depends  on  the  in t e ract ion  be tween governmen t  au thor i t i e s  
and  the  v i l l age  communi t i es .  
Wate r  source  i s  key de t e rminan t  o f  where  and  how i r r igat ion  
s ys t em developed  in  Afghani s t an .  Th ere  a re  majo r  d i ffe rences  
Sou rc e :  C o mp u te d  o n  th e  ba s i s  o f  da t a  g i ve  on  Tab le  2 -8  
Fig .  2-11  Percentage by  sys tem  type of  to ta l  number of  
informal  sys tems  and to ta l  area  i rr igated  
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between  su r face  and  groundwate r  sources  in  t e rms  o f  quant i t y o f  
supp l y,  t iming  and  qua l i t y.  In  t u rn ,  t hese  in f luence ,  t he  a rea  to  be 
i r r i ga t ed ,  c rop  t ypes  and  in t ens i t i e s ,  in f ras t ructu res  for  wa te r  
co l l ec t ion  and  d i s t r ibut ion ,  wat e r  a l loca t ions ,  the  o rgan izat ion ,  
opera t ion  and  main tenance  o f  s ys t em.  The  c l as s i f i ca t ion  o f  s ys t em 
t ypes  i s  based  on  the  fo l lowing:  
1 -  The o r ig ins  o f  development  d i s t i ngui sh ing  between in fo rmal  and  
formal  s ys t em.  
2 -  Wate r  sources ,  wh ich  i s  ca t egor ized  in t o  su r face  wate r  and  
groundwate r,  and   
3 -  S ys t em,  which  i s  c l ass i f i ed  b y in f ras t ruc tu re  re l a t ed  to  p r imar y 
wate r  sources  such  as  l a rge  fo rmal  government  schemes  as  wel l  a s  
s ys t ems  involv ing  su rface  sources ,  karez ,  spr ings ,  wel l s ,  dams  and  
heav ies t .  These  ma y be  fu r the r  subd iv ided  in to  subs ys t ems o r  
spec i f i c  s chemes .   
The  h i e ra rch y o f  c lass i f i ca t ion  approx imates  share  o f  t o t a l  
i r r i ga t ed  a rea  fo r  wate r  sources  and  s ys tem t ypes  (F ig .  2 -12) .  I t  shows  
the  impor t ance  o f  in fo rmal  s ys t ems,  which  account  fo r  90  % of  
i r r i ga t ed  a rea ,  a s  wel l  a s  t he  s ign i f i cance  o f  su r face  wate r,  wh ich  
supp l i es  86  % of  i r r i ga t ed  a rea  es t imates  o f  a reas  i r r i ga t ed  b y smal l  
dams  o r  d ive r t ed  su r face  wate r  run -o ff  cu rrent l y do  not  ex is t .  Whi l e  
the  fo rmal  s ys t ems  suppl y l es s  t han  10  % of  the  c oun t r y’s  i r r i ga t ed  
area .  Fig .  2 -13  shows  locat ion  o f  formal  i r r i ga t ion  schemes  in  
Afghani s t an .  When  c l ass i f i ed  b y r ive r  bas in ,  two  a re  i n  He lmand 
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(Helmand -Arghandab and  Sardeh) ;  two in  Kabu l  (Nangarhar  and  
Parwan) ;  f ive  in  Amu Dar ya  (Gawargan,  Ke lagay,  Kun duz -  Khanabad ,  
Shahrawan and Sang - i -Mehr ) ;  and  one  in  Nor thern  (Nahr - i -Shah i ) .  
 
 
So urce :  Af ghan i s t a n  Res ea rc h  an d  e va l ua t i on  un i t  ( ARE U)  
                                                                                                                                                                                               
 
 
Table  2 -10  comparison  o f  i rr i gated  area  in  
Afghanis tan S ou rce :  Af ghan i s t an  Rese a r ch  a nd  e va l ua t i on  
un i t  ( ARE U)  
                                                                                                                                                                                               
 
 
Table  2 -10  comparison  of  i rr igated  area  in  
Afghan is tan   
 
F ig .  3 -2  A fghanis tan  co ld est  temperature Table  2 -10  
comparison  o f  i r r i ga ted  area  in  A fghanis tan So urc e :  
Af gha n i s t a n  Re sea r c h  a nd  e va lu a t i o n  un i t  (ARE U)  
                                                                                                                                                                                               
 
 
Table  2 -10  comparison  o f  i rr i gated  area  in  
Fig .  2-12  Class i f i ca t ion  of  i rr igat ion  sys tems  in  Af ghani s tan  
Source :  A fghanis tan  Research  and  eva luat i on  uni t  (AREU )  
Fig .  2-13  Locat ion  of  f ormal  i rr igat ion  scheme  
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The  l as t  avai l ab l e  census -based  inven to r y o f  i r r i ga t ed  a reas  
dat es  back  to  1967 ,  g iv ing  a  t o t a l  o f  2 ,385 ,290 ha .  However ,  l and -
cover  maps ,  r ecen t l y p roduced  through the  co l l aborat ive  e f fo r t s  o f  
FAO,  the  Uni t ed  Nat ions  Development  P rogram (UNDP)  and  the  
Afghan Geodes y and  Car tograph y o f f ice  (Kabul ) ,  i nd i ca te  t hat  the  
ex t ent  o f  i r r i ga t ed  a reas  has  no t  changed much in  the  l a s t  35  years .  
There fo re ,  about  190 ,000 ha  are  c l as s i f i ed  as  i n t ens ive ly i r r i ga t ed  
( two  c rops ,  r i ce –wheat ) ,  about  1 ,370 ,000  ha  as  c ropped  an d  i r r i ga t ed  
a t  l eas t  once  a  year ,  and  about  1 ,640 ,000  ha  i s  i r r i ga t ed  occas iona l l y 
(ever y two o r  t h ree  years ) .  Tab le  2 -10  p rovides  a  compar i son  o f  t he  
1967- repor t ed  i r r i gat ed  areas  wi th  the  resu l t s  o f  t he  l and -cover  





















Kabul 57,600 30 39,327 20,762
Kapisa and Parwan 75,140 1,704 69,335 9,583
Lowgar 26,650 0 22,649 12,931
Vardak 25,600 0 30,838 26,568
Konar 23,320 2,684 9,373 12,973
Laghman 23,580 13,482 5,659 4,212
Nangarha 42,340 26,143 40,847 29,414
Balkh 224,500 5,369 85,790 145,596
Faryab 121,600 0 53,894 83,581
Jowzjan 184,600 0 99,207 131,264
Samangan 44,330 201 21,442 37,003
Badakhshan 61,760 3,122 30,964 17,720
Baghian 80,180 14,356 58,224 17,098
Konduz 209,590 66,910 58,856 6,426
Takhar 61,860 39,086 68,278 2,077
Ghazn 117,490 88 129,347 160,452
Paktia 56,350 665 62,760 54,977
Helmand 162,720 13,462 104,959 119,444
Kandahar 117,920 441 51,365 203,560
Nimruz 60,300 0 0 76,778
Oruzgan 126,580 0 65,988 57,689
Zabol 62,540 74 22,367 72,326
Badghis 33,300 416 19,802 30,756
Farah 125,730 23 45,937 176,232
Herat 163,700 394 123,324 64,090
Bamian 23,150 0 18,921 31,645
Ghowr 72,860 0 29,575 36,676
Afghanistan total 2,385,290 188,650 1,369,028 1,641,833
Province
comparison of irrigated areas in surveys 1967 and 1990-1993
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2.7  Irrigat ion  w ater management  in  Afghani s tan  
The  main  p rob lem facing  ru ra l  pa r t s  o f  Afghani s t an  i s  t he  
management  o f  i r r i ga t ion  s ys t em.  The  avai l ab i l i t y o f  wa te r  i s  not  a  
p roblem,  bu t  the re  main  chal l enge  i s  i n  the  management  o f  i r r i ga t ion  
s ys t em.  (Thakkar ,  H,  1999)   
In  Afghan is t an ,  t he  i r r i ga t ion  water  management  i s  done 
th rough  communi t y based  i r r i ga t ion  management  s ys t em known as  
Mi rab  s ys t em and  the  pe r son  who i s  managing  th i s  s ys t em  i s  a l so  
ca l l ed  Mi rab .  The Mi rab  s ys t em managed  i r r i ga t ion  wate r  accoun ts  
for  90% and  the  remain ing  10  % i s  done fo rmal l y t hrough  government  
agenc ies .  The  in fo rmal  management  o f  i r r i ga t ion  wate r  i s  ca r r i ed  out  
b y Mi rab .  Mirab  i s  a  pe r son  se l ec t ed  by the  co mmuni t y (Thomas  and  
Sabawon 2011 ) .  Accord ing  to  Quresh i  2002 ,  t he  fo rmal  i r r i ga t ion  
s ys t em has  pe rmanen t  i n t ake  s t ructu re ,  which  i s  opera t ed  and  
main t a ined  b y the  Ir r i ga t ion  Depar tment .  The  management  o f  t he  
i r r i ga t ion  scheme i t s e l f  fo l lows  the  ru l es  o f  t h e  l a rge - sca l e  t r ad i t i ona l  
su r face  wate r  s chemes .  However,  t he  s igni f i cant  d i ffe rence  i s  t ha t  t he  
regu la t ion  o f  wate r  f low to  the  s ys t em depends  on  the  in t e rac t ion  
between  governmen t  au thor i t i e s  and  the  v i l l age  communi t ies  (Pa in ,  
2004) .  
 
2.8  Mirab Sys tem  
The  Mi rab  s ys t em var y in  d i ffe ren t  pa r t  of  t he  count r y 
depend ing  upon  the  communi t y.  The  Mi rab  s ys t em cons is t ed  o f  Mi rab  
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the  pe r son  in  charge  o f  i r r i ga t ion  water  management ) ,  wa te r  use rs  and  
communi t y e lde r s .  There fo re ,  Mirab  p l ays  majo r  ro l e  in  wa ter  
d i s t r i but ion ,  opera t ion  and  main t enance  o f  i r r i ga t ion  in f ras t ruc tu re  
wh i l e  t he  ro l e  o f  wa te r  use rs  was  to  con t r ibute  t he  l abor  fo r  a  common 
work  and  par t i c ipat e  i n  Mi rab  se l ec t ion .  However,  no t  a l l  wate r  use r s  
pa r t i c ipa t e  i n  the  se l ec t ion  p rocess .  The  se l ec t ion  p rocess  i s  not  
a lways  c l ea r.  I t  i s  a  t r ad i t ional  and  not  100  % democrat ic  p rocess .  
Communi t y e lde r s  appoin t  a  pe rson  wi th  the  agreemen t  o f  wate r  use r s .  
Bas i ca l l y wa te r  a l l ocat ion  and  d i s t r i but ion  i s  done according 
to  t he  l and  s iz e .  The  wate r  user s  use  the i r  t r ad i t i ona l  uni t s  fo r  wate r  
d i s t r i but ion .  These  t r ad i t ional  uni t s  va r y in  d i ffe rent  pa r t  o f  t he 
count r y depending  upon  the  t ype  o f  the  wa te r  use r ’s  communi t y.  The  
Mirab  s ys t em i s  not  good  in  equi t y i ssues  especi a l l y  i n  i r r i ga t ion  
wate r  d i s t r i bu t ion .  The re  i s  a lways  great  d i ffe rence  in  the  wate r  r i gh ts  
and  ac tua l  wa te r  d i s t r i bu t ion  among the  use rs .  The ups t ream water  
use r s  a re  f avored  and  receive  more  wate r.  The  downs t ream people  
receive  l es s  wate r,  tha t  t he re  i s  a lways  conf l i c t  over  wate r  in  Mi rab  
s ys t em  among the  wate r  use r s .  The  wate r  use rs  v io l a t e  t he  wate r  r i gh t s  
and  ra i s ing  conf l i c t s  over  wate r,  especi a l l y  i n  t he  t ime  o f  wa te r  
s carc i t y.  
 
2.9  Current  Mirab  sys tem  
Mirab  s ys t em i s  no t  e ffec t ive  now as  compare  to  pas t ,  bu t  i t ’s  
no longer  working  a t  p rese n t  due  to  weakness  o f  governmen t .  
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There fo re ,  the re  i s  no  suppor t  o f  go vernmen t  p rov ided  to  Mi rab  
s ys t em.  Such  as  gu idance ,  superv i s ion ,  bonus ,  r ewards  and  too ls  t ha t  
have been  p rovided .   Accord ing  to  CPHD 2011,  DA I 2006 ,  t he  Mi rab  
s ys t ems has  su rv ived  dur i ng  the  th ree  decades  o f  war  and  rap id  change  
in  t he  po l i t i ca l  env i ronment ,  bu t  i t  has  not  adap ted  success fu l l y  t o  
the  new chal l enges .  A great  gap  ex is t s  between  the  wa te r  r i ght  and  
actual  wa te r  d i s t r i but ion  among the  use rs .  Accord ing  to  Pa in  2004 ,  
Roe 2009 .  The Mi rab  a re  a lways  not  f a i r  i n  equi t ab l e  d i s t r ibut ion  o f  
the  resources  due to  t he  p resence  o f  power fu l  peop le  who f rus t ra t e 
the  d i s t r i bu t ion  o f  common poo l  r esources  both  be tween  the  v i l l age  
and  wi th in  the  v i l l ages .  
In  add i t ion ,  t he re  i s  no  soc i a l  co l l aborat ion  among up ,  mid ,  
and  downst ream,  and  conf l i c t s  among wate r  use r s  have  a r i s en .  The  
s ys t em had  been  he ld  based  on  inher i t i ng  p rocess  when  a  pe rson  had  
d i ed  o r  r e t i r ed  and  h i s  son  becomes  Mi rab  fo r  unl imi t ed  t ime (Roe ,  
2009) .  
 
2.10  Tasks  of  Mirab  
Mirab  i s  r espons ib l e  for  t he  cons t ruc t ion  and  main t enance  o f  
r e l a t ed  canal s  wi th  the  help  o f  communi t y members .  He a l so  
coordinat es  wi th  t he  people  de l ega t ions ,  ca l l ed  Waki l s  t o  ensu re  f low 
o f  wa te r  in to  the  secondar y cana l s .  Respondent s  o f  each  up ,  mid  and  
downs t ream reveal ed  that  Mi rab  s ys t em i s  r espons ib l e  fo r  d i s t r ibut ion  
o f  wate r,  conf l i c t  r e so lu t ion  speci f yin g  wate r  t u rn  fo r  each  v i l l age ,  
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announcement  fo r  wa ter  t u rn  and  main t enance ,  mobi l iz ing  and  
o rganiz ing  l abore r s  for  c l eaning  canal  and  contac t  wi th  ac to rs  such  as  
governmen t ,  NGO and  communi t y e lder s .   
The  t yp ica l  ever yd ay t asks  o f  a  Mi rab  include :  checking  an y 
unauthor ized  b reaching  o f  t he  canal  ups t ream;  co l l ec t ing  and  
mobi l iz ing  peop le  fo r  main t enance  ac t iv i t i es ;  main t a in ing  the  
d ivers ion  and  regu la t o r y s t ructu res ,  and  coord ina t ing  and  mobi l iz ing 
labor  fo r  main  cana l  and  r ive r  bed  main t enance  ac t iv i t i e s  (R iemann ,  
2005) .  The  t e r t i a r y cana l  ne twork  tha t  t akes  wa te r  f rom secondar y 
canal s  t o  ind iv idual  f a rms  i s  the  respons ib i l i t y o f  t he  Mi rab  to  
superv ise ,  bu t  i nd iv idua l  f a rmers  may choose  to  coord ina te  wi th  t he  
Mi rab  in  re l a t i on  to  the  cons t ruct ion  o f  the i r  cana ls  and  dur ing  the  
d ivers ion  o f  wate r.  Wate r  d ive rs ion  and  moni to r ing  o f  t he  quant i t y  o f  
wate r  f low i s  done ent i r e l y t h rough look  c losel y moni to r in g  accord ing  
to  t he  ind iv idual  wate r  r i gh t s  tha t  co r respond  to  t hei r  l andho ld ings ,  
(Thomas .  V. ,  2009) .  
 
2.11  Conclus ions  o f  th i s  chapter  
Afghani s t an  has  d r y con t inen ta l  c l imate  and  p recip i t a t ion  
occurs  as  snow dur ing  the  winte r  mon ths ,  t he  quan t i t y,  t iming  and  
d i s t r i but ion  o f  p recip i t a t ion  a re  key fac to rs  i n  det e rmining  wate r  
avai l ab i l i t y fo r  i r r i ga t ion .  The r ive r  r eg imes  in  Afghani s tan  depend 
on  annua l  r a in  and  snow mel t  i n  h igh land  above  2000  m in  e l eva t ion  
and  rep resented  80  % of  Afghan wate r  r esources  ( ex clud ing  ground 
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water )  of  the  coun t r y.  The  main  su r face  wa te r  r esources  o f  
Afghani s t an  a re  the  Amu Dar ya ,  the  He lmand River,  t he  Kabu l  R iver,  
the  Har i  Rod -  Murghab  R ivers  and  Nor thern  R iver.  
In  Afghani s t an ,  groundwate r  has  t r ad i t ional l y been  deve loped 
and  u t i l i z ed  f rom Ir r iga t ion  purposes  t h rough  the  use  o f  ka rzes ,  
sp r ings  and  shal low hand  dug open  wel l s .  Subs t ant i a l  d rough t  and  a  
growing demand fo r  wate r  in  more  recent  year s ,  deep  d r i l l ed  wel l s  
have  become a  more  common means  o f  ex t rac t ion  fo r  Ir r i ga t ion  usage .  
In  1998,  t o t a l  wi thd rawal  was  es t imated  a re  more  than  20  b i l l i on  m 3  
o f  which  98  % was  fo r  agr i cu l tu re ,  o f  t o t a l  wi thd rawal  about  86  % 
was  f rom su r face  and  about  14  % f rom groundwate r.  In  Afghani s t an  
the re  a re  t r ad i t i ona l  i r r i ga t ion  s ys t ems,  and  cen t u r i es  o ld  s ys t ems.  
These  s ys t ems a re  cons t ruct ed  and  main t a ined  in  t r ad i t i onal  in fo rmal  
manner  based  on  communal  v i l l age .  
Wate r  i s  a  p r ime  resource  po ten t i a l  fo r  the  growth  o f  
Afghani s t an ’s  agr i cu l tu re .  Lack  o f  as su red  and  t imel y wate r  supp l y a t  
the  fa rm l eve ls  i s  pe rhaps  the  mos t  impor t an t  cons t ra in t  to  
agr i cu l tu ra l  growth .  Ir r i ga t ion  in f ras t ruc tu re  as  wel l  a s  man y 
suppor t ing  communi t y -based  and  government  i ns t i t u t ions  have  
ser ious l y de t e r io ra t ed  o r  b roken  down in  t he  years  o f  conf l i c t ,  l ack  
o f  main t enance ,  and  more  recen t l y d ro ught .  
P resen t  s t a tus  o f  i r r i ga t ion  s ys t ems:  -  Tradi t ional  su r face  
s ys t ems ,  wi th  in t akes  f rom r ive rs  and  s t reams ,  accoun t  fo r  about  80  % 
of  the  i r r i ga t ed  a rea .  Whi l e  t hese  s ys t ems  have  genera l l y  su rv ived ,  
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the i r  communi t y-b ased  mechani sms for  wa ter  management  and  
main t enance have  been  adverse l y a ffec ted  b y local  commanders  who 
f requent l y  do  not  r espec t ed  wate r  r i gh t s  o r  the  au thor i t y o f  t he  f a rms  
e l ec t ed  and  emplo yed Mi rabs  (wate r  mas t e rs ) .  
Food  secur i t y i s  dependent  on  the  ach ievemen t  o f  wate r  
s ecu r i t y,  because  food and  wate r  a re  h igh l y in t e rconnected  in  
Afghani s t an .  More  than  80  % of  Afghan  l i ve  in  ru ra l  a reas  subs is t i ng  
on  na tu ra l  r esources  such  as  l and  and  wate r,  a l t hough  some wou ld  
a rgue  that  t he  key income de t erminan t s  a re  l abor  mi gra t ion ,  wages  
and  remi t t ances .  Twen t y- f ive  years  of  war  and  des t ruct ion ,  combined  
wi th  4 -7  years  o f  subs t an t i a l  d rough t  and  a  growing demand  fo r  wate r,  
have  c rea t ed  a  s ign i f i can t  cha l l enge  fo r  t he  Afghan  government  and  
deve lopment  agenc ies .  Ir r i ga t ion  in t ens i t y same p rov inces  i s  ve r y 
h igh .  On the  o ther  hand low and moderat e  i n t ens i t y o f  i r r i gat ion  was  
found  in  t he  remain ing  p rov inces  o f  Afghani s t an ,  cu r ren t l y  t he  a fghan  
agr i cu l tu re  wate r  use  e ff i c i ency i s  abou t  25 -  30  %,  the  i r r i ga t ion  
method and  s ys t em could  be  one  o f  t he  causes  fo r  th i s  i ne ff i c i ency,  
the  main  problem fo r  a fghan  agr i cu l tu re  i s  l ack  o f  good i r r i ga t ion  
p ract i ce ,  t echniques  l i ke  l and  l evel ing ,  shaping  the  s t ruc tu re  o f  f i e ld .  
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C h a p t e r  3  
 
M e t e o r o l o g i c a l  p r o p e r t i e s  a n d  e s t i m a t i n g  




3.1  In troduct ion  
3 .1 .1  Background  
 Afghani s t an  i s  a  l and  locked coun t r y  tha t  i s  l ocat ed  
approx imate l y in  the  cente r  o f  As ia  and  cont inenta l  c l imate ,  a l though  
the  p resence  o f  moun ta ins  causes  many loca l  va r i a t i ons .  The  t yp ical  
c l imate  va r i es  f rom a r id  in  sou th  and  sou thern  par t s ,  t o  s emi -  a r id  i n  
most  o the r  pa r t s  o f  the  count r y.  The  c l imate  i s  not  f avorab le  fo r  r a in -
fed  agr i cu l tu re .  Dur ing  winte r,  t emperatu res  a re  l ow,  ge t t ing  down 
nega t ive  20  °C  and  p recip i t a t i on  occurs  in  fo rm o f  snow where  no  
need  to  i r r i ga t e  whereas  du r ing  summer,  t empera tu re  a re  h igh  ,  ge t t i ng 
up  to  30  °C  and ra in fa l l  i s  z e ro  (Fig .  3 -1  and  3 -2 )  wi thou t  i r r i ga t ion 
supp l i es ,  these  a r id  to  semi -a r id  a reas  cannot  suppor t  an y agr i cu l tu re .   
In  t he  coun t r y,  a  t o t a l  o f  31  loca t ions  fo r  met ro logica l  dat a  co l l ec t ion  
( ra in fa l l ,  t emperatu re ,  r e l a t i ve  humidi t y,  snow,  wi nd  and  sunsh ine)  
were  ava i l ab l e  a t  l eas t  one  in  each  p rov ince  cente r ,  un fo r tuna te l y 
du r ing  the  c iv i l  war  t hey were  loo ted  and  des t ro yed .  The  agr i cu l tu ra l  
p roduc t ion  depends  on  the  avai l ab i l i t y o f  wate r,  e i the r  as  d i rec t  
r a in fa l l  o r  i n  t he  fo rm o f  i r r i ga t io n .  However,  p ro longed d rought ,  
c iv i l  war  des t ro yed  i r r i ga t ion  s ys t ems and  gardens  o f  t r ees ,  especi a l l y  
v ineyards  and  l i ves tock  numbers  were  grea t l y d imin ished .  
Afghani s t an  l ack s  o f  i r r i ga t ion  p l ann ing  and  the  chal l enges  o f  wate r  
shor t ages  du r ing  the  cu l t iva t ion  and  growing season ,  t he  agr i cu l tu ra l  
p roduc t iv i t y i s  low.  Moreover,  demands  on  the  resources  have  grown  
and  FAO (1997)  has  been  es t imated  tha t  long -  t erm water  avai l ab i l i t y 
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i s  about  2 ,800  m 3
 
head  per  year,  enough  to  i r r i ga t e  4  mi l l ion  ha ,  which  
i s  s ign i f i cant l y h igher  t han  the  cu r rent  2 .6  mi l l ion  ha  command a rea .  
Otherwi se  Afghani s t an  i s  an  ar id  t o  semi -a r id  coun t r y whose  
agr i cu l tu ra l  p roduct ion  depends  on  the  avai l ab i l i t y o f  wa te r,  e i t he r  as  
d i rec t  r a infa l l  o r  i n  t he  fo rm o f  i r r i gat ion .  F ig .  3 -3  shows  Kabul ,  
Afghani s t an  c l imate  graph .  In  Afghan is t an ,  r a in fa l l  da t a  i s  d i ff i cu l t  
to  access  due to  the  fac t  t ha t  mos t  o f  the  o ld  t ime -se r i es  was  s topped  
in  1977 o r,  in  some cases ,  i n  1992.  Meteoro logica l  s t a t ions  have been  
damaged and no  ra in fa l l  da t a  a re  being  co l l ec t ed  (ex cept  f rom four  
agro -meteo ro logica l  s t a t i ons :  Kabul ,  J a l a l abad ,  Mazar - IShar i f ,  and  
Herat  in s t a l l ed  in  1999  under  t he  FAO pro ject .  The Meteoro logica l  
Depar tment  and  the  Ins t i t u t e  o f  Meteoro logy a re  no t  func t ion ing  
regard ing  f i e ld  observat ion .  Due  to  t h i s  pa r t i cu l a r  s i t ua t ion ,  agro -
meteo ro logical  obse rvat ions  have become a  ve r y impor t an t  t ask  fo r  
the  coun t r y.  Due to  the  a rea  o f  the  coun t r y (652 ,000 km² )  and  the  ve r y 
e r ra t i c  spa t i a l  d i s t r ibut ion  o f  r a in fa l l  for  mounta inous  reg ions ,  da t a  
f rom a  l a rge  ne twork  o f  r a in  gauges  a re  requ i red .  In  add i t i on  to  
ra in fa l l ,  o the r  pa ramete rs  are  h ighly impor t an t  and  needed in  
Afghani s t an .  They a re  snowfal l  and  snow cover  upon  which  m os t  o f  
the  count r y’s  i r r i ga t ed  secto r  depends ,  and  f ros t  and  low t emperatu re .  
Accura t e  and  t imel y in fo rmat ion  on  agro -  meteo ro logica l  
obse rva t ions ,  inc luding  a l l  weather  pa ramete rs ,  ac tual  p l an t ing  t ime,  
a reas  p l an ted ,  ha rves t ed  crop ,  and  crop  condi t i ons  a nd  pas tu re  a re  
h igh l y needed fo r  each  agro -ecological  zone  and  each  d i s t r i c t  in  
77 
 
Afghani s t an .  In  o the r  words ,  t he  agro -  meteo ro logical  approach  to  
help ing  agr i cu l tu re  can  onl y be  e ffec t ive  i f  r e l i ab l e ,  r ea l  t ime,  and  
t imel y da t a  a re  Avai l ab l e .  The t imel y co l l ec t ion  and  the  p roper  
u t i l i z a t ion  o f  agro -  meteo ro logical  i nfo rmat ion  help  p romote  
inc reased  fa rm p ro f i t s  under  f avorable  weather  condi t ions  o r  
decreased  fa rm los ses  under  un favorable  condi t ions .  I t  i s  necessa r y 
to  ge t  i t  on  the  o rb i t  o f  sus t a inab le  agr i cu l tu ra l  development  fo r  t he  
s t ab i l i t y and  the  p roper t y o f  t h i s  coun t r y.  Pan  evapora t ion  i s  an  
impor t an t  weather  va r i ab l e  t hat  has  app l i ca t ion  re l a t ed  to  deci s ion  
making  in  agr i cu l tu re ,  fo res t r y eco logy,  h ydro logy and  o ther  f i e lds .  
The  ob ject ives  o f  t h i s  c hap te r  i s  t o  c l a r i f y meteo ro logica l  proper t i e s  
in  Kabul  and  to  in t roduce  a  method  fo r  es t imat ing  pan  evapora t ion  
wi th  p rov is ion  o f  r esu l t s  and  d iscuss ion  as  wel l  as  p rov id ing  
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3.2  Materia l s  and Methods    
 Meteorologica l  da t a  were  co l l ec t ed  in  t he  Qargha ex per imenta l  
r esea rch  cen te r  in  Kabul ,  Afghani s t an .  Th is  cen te r  i s  managed  b y the  
Research  Ins t i t u t e  o f  MA IL (Mini s t r y o f  Agr i cu l tu re ,  Ir r i ga t ion  and  
Lives tock) ,  where  i s  loca t ed  10  km wes t  f rom the  c i t y cen te r  o f  Kabul ,  










































































st Kabul, Afghanistan Climate Graph (Altitude: 1791 m)
Precipitation (mm) Min Temp (℃)
Max Tenp (℃) Average Temp (℃)
Wet Days (>0.1mm) Average Sunlight Hours/Day
Average Wind Speed (Beaufort) Daylength (Hours)
Relative Humidity (%)
Sou rc e :  C l i ma te mp s . c o m  
                                             
Fig .  3 -3  Cl imate  of  Kabul  Afghanis tan  
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data  were  co l l ec t ed  dur ing  a  per iod  o f  t h ree  years  f rom J anuar y,  2010  
up  to  the  end  o f  December,  2012 .  These  dat a  cons i s t  o f  a i r  t emperatu re ,  
r e l a t i ve  humidi t y,  wind  speed ,  sunsh ine  hour,  r a infa l l  and  pan  
evaporat ion  (Fig .3 -5 )  the  th ree  years  average  month l y da t a  i s  shown 
in  Tab le  3 -1 .   
The  wate r  r equ i rement  o f  c rop  i s  t he  amoun t  o f  wate r  r equi red  
b y a  spec i f i c  c rop  to  grow opt imal l y.  Th is  va r i es  according  to  t he  
c l imate ,  c rop  t ype  and  growing s t age .  Thi s  c rop  wate r  need  (ET c rop)  
i s  expressed  in  dep th  o f  wate r  r equi red  to  compensat e  t he  wa ter  l os s  
th rough  evapot rans pi ra t ion .  
The  e ffec t  o f  c l imate  on  the  c rop  wate r  need  i s  ex pres sed  as  
r e fe rence  c rop  evapo t ransp i ra t ion  (ET o ) .  The measurement  uni t  i s  
mi l l imete r  pe r  uni t  t ime ,  which  can  be  a  day,  mon th  o r  growing season .  
The  da i l y wa te r  need  o f  the  re fe rence  crop  depend s  on  the  ra in fa l l  
r eg ime  and  da i l y t emperatu re .  
For  ca l cu la t ion  o f  c rop  wate r  r equi rement  the  fo l lowing 
formula  i s  used:  
𝐸𝑇 𝑐𝑟𝑜𝑝 = 𝐸𝑇𝑜 × 𝐾𝑐 
Where  
𝐸𝑇 𝑐𝑟𝑜𝑝:  C rop  evapot ranspi ra t ion  (mm/day)  
𝐸𝑇𝑜: Reference  evapo t ranspi ra t ion  (mm/day)  
𝐾𝑐:  C rop  coeff i c i en t .  
In  t h i s  case  fo r  i r r i ga t ion  schedul ing  and  cal cula t ion  c rop  
wate r  r equi remen t ,  we  need  to  know about  t he  values  o f  r e fe rence  
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evapot ranspi ra t ion .  
Dai l y Pan  Evaporat ion  dat a  were  a l so  observed  in  th i s  r esea rch  
s t a t ion .  
Evapora t ion  i s  d i ff i cu l t  to  measure  d i rec t l y,  and  the re  fo r  man y 
theore t i ca l  approaches  have been  deve loped .  Some o f  t he  commonl y 
used  t echniques .   
Penman  method  (Penman,  1963)  was  used  fo r  es t imat ing  
evaporat ion    
Fol lowing equat ion ,  namel y  










𝑓(𝚞𝟸) ∙ (𝑒𝑠𝑎 − 𝑒𝑎) 
In  This  equa t ion  the  mass - t rans fe r  and  energy-ba lance  
approaches  could  be  combined  to  a r r ive  a t  an  evaporat ion  equat ion  
that  d id  no t  r equi re  su r face  t empera tu re  dat a .  The  f i rs t  t e rm shows  
net  r ad i a t ion  and  the  second  t e rm shows mass  t r ans fe r.  
∆ :  s a tu ra t ion  vapor  p res su re  a t  a i r  t emperatu re  hPa / ◦ C,  
S :  net  r ad i a t ion  MJ /m 2 day  
𝑙:  La t ent  hea t  (2 ,453  MJ /Kg)  
𝑝𝑤:  Dens i t y o f  wate r  (1 ,000kg/  m 3 )  
γ:  ps ychomet r i c  cons t an t  hPa/C  
𝑓 (𝚞𝟸)  :  wind  speed  a t  2  m heigh t  m/ s  
e s a :  s a tu ra t ion  vapor  p ressu re  a t  a i r  t emperatu re  hPa  





Re se ar ch  
fa r m  
Fig .  3 -4  Kabul  Qargha  research  center  
Fig .  3 -5  (Upper-Lef t )  Sunshine  hour,  (Upper-Right )  Air 
temperature  and rela t ive  humidi ty,  (down –Lef t )  Rain  gage  and .  





Table  3 -1  three  years  monthly  average  Air temperature ,  Rela t ive  













Jan-2010 1.2 42.7 5.7 2.5 1.0
Feb-2010 0.2 54.0 0.2 7.6 1.6
Mar-2010 10.3 41.3 7.5 9.6 1.3
Apr-2010 13.3 44.1 0.3 13.7 0.7
May-2010 14.8 44.2 0.4 13.1 1.6
Jun-2010 18.1 36.2 0.4 0.3 0.1
Jul-2010 21.5 36.6 0.4 0.1 0.9
Aug-2010 20.8 44.3 0.3 3.3 0.9
Sep-2010 17.5 35.4 0.4 7.4 0.2
Oct-2010 12.9 31.5 0.3 5.3 0.0
Nov-2010 6.7 30.2 0.4 2.1 0.0
Dec-2010 1.3 28.9 0.3 2.6 0.0
Jan-2011 -0.8 35.7 0.2 2.5 0.0
Feb-2011 -0.6 51.6 0.2 1.9 3.4
Mar-2011 6.3 40.5 0.3 1.7 0.8
Apr-2011 10.6 40.2 0.3 2.7 1.6
May-2011 17.9 32.3 0.4 2.9 0.3
Jun-2011 20.8 27.2 0.5 3.7 0.0
Jul-2011 22.7 28.5 0.4 13.6 0.0
Aug-2011 21.5 37.5 0.4 3.4 0.5
Sep-2011 18.5 36.7 0.4 0.0 0.3
Oct-2011 11.4 43.3 0.3 0.0 1.3
Nov-2011 7.3 46.9 0.2 11.3 1.1
Dec-2011 0.6 32.9 1.0 8.7 0.0
Jan-2012 -6.3 48.2 5.3 12.8 1.1
Feb-2012 -7.9 50.2 5.3 12.7 2.0
Mar-2012 3.1 45.0 5.7 15.4 1.5
Apr-2012 10.9 45.7 6.7 15.7 1.7
May-2012 14.3 39.3 8.9 15.2 1.2
Jun-2012 18.0 31.9 9.4 18.2 0.6
Jul-2012 21.2 29.3 9.7 18.4 0.0
Aug-2012 21.4 30.6 9.7 14.6 0.3
Sep-2012 17.7 39.2 7.9 11.9 0.4
Oct-2012 11.7 34.2 7.9 9.9 0.0
Nov-2012 5.7 36.2 6.4 8.6 0.4
Dec-2012 0.2 45.2 5.5 9.9 1.6
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3.3  Resul t s  and d iscuss ion  
Most  o f  Afghan is t an  has  a  subarc t i c  mounta in  c l imate  wi th  d r y 
and  cold  winte r s ,  excep t  fo r  the  lowlands  where  have  a r id  and  semi -
a r id  c l imates .  In  t he  mounta ins  and  few o f  t he  val l eys  bo rder ing  
Paki s t an ,  a  f r i nge  e ffec t  o f  the  Ind ian  monsoon ,  coming usua l l y f rom 
the  sou theas t ,  b r ings  mois t  mar i t ime  t ropical  a i r  i n  summer.  
Afghani s t an  has  c l ea r l y de f ined  seasons ;  summers  a re  ho t  and  win te rs  
can  be  b i t t e r l y co ld .  Summer  t emperatu res  as  h igh  as  49  °C  have been  
recorded  in  t he  no r the rn  val l eys .  Mi dwinte r  t emperatu res  as  low as  -
9  °C a re  common a round  the  2 ,000 l evel  in  t he  HinduKush.  The 
c l imate  in  t he  h ighlands  va r i es  wi th  e l evat ion .  The cooles t  
t empera tu res  usua l l y occur  on  the  h ighes t  o f  t he  moun ta ins .  
Temperatu res  o f t en  ranges  grea t l y wi th in  s ingle  day.  Var ia t ions  in  
tempera tu re  du r ing  the  day may range  f rom f reez ing  cond i t i ons  a t  
dawn  to  the  upper  30  °C  a t  noon .  Most  o f  t he  p recip i t a t ion  fa l l s  
be tween  the  months  o f  October  and  Apr i l .  The  dese r t s  r eceive  l e ss  
than  100  mm of  ra in  a  year,  whereas  t he  mounta ins  receive  more  than  
1 ,000 mm of  prec ip i t a t ion ,  mos t l y as  snow.  Kabu l  i s  a l so  semi -  a r id  
reg ion ,  t emperatu re s  in  summer  a re  h igh  and  hot  Max imum average 
tempera tu re  i n  summer  i s  21 .8  °C  in  J u l y,  ve r y ho t ,  and  h igh  
evapot ranspi ra t ion ,  a l l  c rops  requ i res  i r r i ga t ion  bu t  win te r  i s  ve r y 
co ld  wi th  Min imum average  t empera tu re  i n  winte r  being  -2 .8  °C  in  
Februar y,  fo r  tha t  t he r e  ex is t  no  fa rming ac t iv i t i e s .  Kabul  has  
max imum humid i t y o f  51 .5  % in  Februar y and  min imum of  31 .5  % in  
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Ju l y (F ig .  3 -6 ) .  Thi s  l eads  to  h igh  evaporat ion .  Average  annual  
p recip i t a t i on  i s  a round  250 mm/ years  (Fig .  3 -7)  max imum  ra in fa l l  
65 .5  mm in  Februar y.  Winte r  s eason  o f  t he  year  i s  non -useable  fo r  
agr i cu l tu ra l  pu rpose .  Around 7  mm in  June  o r  Ju l y o f  r a in  i s  r eceived ,  
bu t  genera l l y i t  ha rd l y ra in  f rom May to  December,  add i t i onal l y 
p roduc t iv i t y  has  decl ined  fu r the r  because  o f  t he  decreas ing  wate r  
r esource ,  p recip i t a t ion  def i c i t  and  t r ad i t i ona l  ine ff i c i ency,  t he re fo re  
i t  i s  es sent i a l  tha t  a l l  p l an t s  be  i r r i gat ed ,  lower  re l a t ive  humid i t y,  
h igher  t emperatu res  cause  more  evaporat ion  o f  wa te r.  Table  3 -2  show 
th ree  years  month l y  average  po ten t i a l  and  actual  evapora t ion  and  Fig .  
3 -8  shows the  compar i s on  between  the  es t imated  evaporat ion  us ing  
Penman method and  observed  evapora t ion  wi th  c l as s  A pan .  There  i s  
l a rge  va r i a t i on  in  t he  re l a t i onsh ip  be tween  th e  es t imated  evaporat ion  
and  the  observed .  Because  Afghan is t an  has  d i ffe rence  c l imate ,  f rom 
November  up  to  Apr i l  t empera tu res  a re  usual l y l ow and a t  t he  same 
t imes  can  go  to  below zero  degrees  wh ich  l eads  to  ve ry low an y 
evapot ranspi ra t ion .   
Al so  t r i ed  to  e s t imate  evaporat ion  wi th  o ther  meteo ro log ica l  
pa ramete r s  such  as  a i r  t empera tu re ,  r e la t i ve  humidi t y,  sunshine  and  
wind  speed ,  Tab le  3 -3  show th ree  years  month l y average  met ro logical  
pa ramete r s .  When es t imated  re l a t i ve  humidi t y wi th  pan  evaporat ion  
the re  was  a  l a rge  inequa l i t y,  t he  R 2  va lue  was  equal  t o  0 .57 ,  because  
Afghani s t an  i s  l ocat ed  in  d r y a rea s ,  mos t l y re l a t ive  humidi t y i s  
be tween  30 –  35  %.  When  es t imated  wind  speed  wi th  pan  evaporat ion .  
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There  was  a l so  a  l a rge  d i ffe rence ,  i n  t he  R 2  va lue  which  was  equa l  t o  
0 .001 .  There  was  no  so  much h igh  wind  speed  in  Kabu l ,  and  wind  
speed  ranged between  0 .1  up  to  18 .4  m/s .  As  wel l  as  pan  evaporat ion  
wi th  sun  sh ine  was  es t imated ,  t hey hav e  a  good re l a t ionship  compared  
to  re l a t ive  humid i t y  and  wind speed ,  the  R 2  va lue  was  equal  to  0 .5579 ,  
because  sunsh ine  hours  du r ing  the  winte r  s eason  decreased .  I t  was  
fou r  and  hal f  hours  a t  minimum per  day,  but  i t  i nc reased  in  summer  
season  and  reached  max imum to  10 .4  hours  pe r  day in  Ju l y.  S imi l a r l y 
a i r  t emperatu r e  and  pan  evapora t ion  was  es t imated ,  t hen ,  f i na l l y we  
found  that  a i r  t emperatu re  was  a  c ruci a l  pa ramete r  fo r  es t imat ing  pan  
evaporat ion  va lue ,  and  the  R 2  va lue  was  equa l  t o  0 .8349  (F ig .  3 -9 )  
because  in  winte r  s eason  a i r  t empera tu re  were  ze ro  o r  below the re  
was  no  evapora t ion ,  but  a i r  t emperatu re  i nc reased  f rom march  up  to  
Augus t  and  reached  to  22  o C per  day.  Based  on  the  in fo rmat ion ,  the  
appropr i a t e  dat a  se t  was  det e rmined  fo r  es t imat ing  pan  evaporat ion ,  
wh ich  were  average  a i r  t emperatu re  and  pan  evaporat ion  values  i n  5  
and  10  days  pe r iod  (Fig .  3 -10  and  3 -11 ) .  There  i s  good  re l a t i onship  
between  10  days  a i r  t emperatu re  and  pan  evaporat ion ,  the  R 2  va lue  
was  0 .7646 compared  to  5  days  a i r  t empera tu re  and  pan  evaporat ion  





Table  3 -2  Three years  monthly  average potent ia l  evaporat ion  


















































































Fig .  3-6  Changes  o f  three  years  average month ly  a i r 

















































Monthly Rainfall(mm) Sun Shine(h)
Fig .  3-7  Changes  o f  three  years  average month ly  





































Fig .  3-8  Compari sons  of  three  years  average  to  es t imat ed  
evaporat ion  us ing Penman -method and observed  evaporat ion  
by c las s  A-pan  
y = 0.2062x + 0.524
R² = 0.6612
























Ep by Penman-method Class-A Pan
Fig .  3 -9  Relat i onship  between  three  years  month ly  


































Fig .  3 -10  Rela t ionship  between three  years  month ly  
average  5  days  temperature  and  pan evaporat ion  




























Fig .  3 -11  Rela t ionship  between three  years  month ly  




3.4  Conclus ion  of  th is  chapter  
About  80  % of  t he  popula t ion  o f  Afghan is t an  a re  dependent  on  
agr i cu l tu re .  The  agr i cu l tu r a l  p roduct ion  depends  l a rge l y on  the  
avai l ab i l i t y o f  wa te r  which  i s  suppl i ed  as  d i rec t  r a infa l l  o r  i n  the  fo rm 
o f  i r r i ga t ion .  In  Af ghani s t an  due  to  l ack  o f  i r r i ga t ion  p l anning  dur ing  
the  cu l t i va t ion  and  growing season shor t age  o f  wate r  occur  o f t en ,  in  
that  case  agr i cu l tu re  p roduct iv i t y i s  l ow.  
S ince  Afghanis t an  i s  ar id  to  semi -  a r id  coun t r y and  summer  
season i s  hot  wi th  no  p recip i t a t ion  and  re l a t i ve  humid i t y  i s  low.  The 
use  o f  i r r i ga t ion  wate r  fo r  c rop  p roduct ion  i s  h igher  in  t h i s  s eason .  
Winte r  s eason  i s  co ld  and  the  mos t  r a in  and  snow fa l l  i n  t h i s  s eason  
o f  the  yea r.  Due  to  the  co ld  weather,  no  c rop  fa rming p rac t i ce .   
According  to  meteo ro logica l  p roper t i e s  in  Kabu l ,  i r r i ga t ion  
Table  3 -3  Three years  monthly  average a i r t emp.  Re la t ive  













Jan -2 42.2 5.7 22
Feb -2.8 51.9 4.5 65.5
Mar 6.6 42.3 6.9 38
Apr 11.6 43.3 7.3 39.6
May 15.7 38.6 9.2 32
Jun 19 31.8 10.4 7
Jul 21.8 31.5 9.8 9
Aug 21.3 37.5 8.7 17.3
Sep 17.9 37.1 8.6 9.3
Oct 12 36.3 7.8 13.7
Nov 6.6 37.7 6.7 15
Dec 0.7 35.6 6.4 16.3
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pract i ces  a re  requi red  dur ing  summer  per iods  f rom May to  October.  
There  i s  good  agreement  be tween  the  observed  a i r  t empe ratu r e  and  
pan  evaporat ion  values .  Moreover  r esu l t s  sugges t  t ha t  th i s  
r e l a t i onship  (Eq .  y =  0 .193x -  1 .520)  could  be  appl i cab le  as  a  p ract i ca l  
ind i cato r  fo r  es t imat ing  pan  evapora t ion .  Thi s  s imple  approach  may 
help  to  minimize  the  amount  o f  i r r i gat ion  wate r  r equ i red  fo r  c rop  
cul t iva t ion  in  Kabu l .  I t  i s  impor t an t  t o  conduc t  fu r the r  r esearch  in  
Kabul  and  o ther s  p rov inces  o f  Afghan is t an  and  to  p ropose  the  bes t  
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C h a p t e r  4  
 
E s t i m a t i n g  o p t i m u m  i r r i g a t i o n  d i s c h a r g e  




4.1 .  In troduct ion  
4.1 .1  Background   
The  h i s to r y o f  i r r i gat ed  agr i cu l tu re  in  Afghani s t an  goes  back  
to  more  than  4 ,500 years  ago  (anci ent  s e t t l emen t  near  Kandahar ) .  
Except  fo r  a  f ew a reas  where  ra in - fed  agr i cu l tu re  can  be  prac t i ced ,  
agr i cu l tu re  p roduc t ion  in  mos t  o f  the  count r y i s  no t  poss ib le  wi thout  
i r r i ga t ion  as  t he  ra in fa l l  i s  e i t he r  meager  o r  un re l i ab l e .  The  a l loca t ion  
o f  wa te r  and  l and  i s  c lose l y re l a t ed  to  cus toms  and  t r ad i t ions  o f  t he  
sedenta r y popula t ion ,  and  main t enance  works  o f  i r r i ga t ion  schemes  
have  a lways  been  a  we l l -def ined  act iv i t y  i n  the  fa rmers ’ s easona l  
ca l endar  (Az iz i ,  2009) .  
Afghani s t an  has  a lways  su ffe red  f rom wate r  shor t ages ,  t he 
shor t age  o f  wate r  i s  t he  resu l t  o f  war  in f l i c t ed  damage  to  i r r i ga t ion  
s ys t em (40  % of  i r r i ga t io n  s t ruc tu res  a re  damaged) ,  t r ad i t ional  
i r r i ga t ion  s ys t em and  p ro long d rought .  
Agr i cu l tu re  employs  80  % of  t he  Afghan  popu la t ion  and  
sus t a ins  more  than  ha l f  i t s  gros s  domest i c  p roduct  (Gregor y e t  a l ,  
2010) .  The  arab le  agr i cu l tu ra l  r esource  base  o f  Afghan is t an  i s  about  
8  mi l l ion  ha ,  which  i s  12  % of  the  to t a l  l and  a rea .  There  a re  rough l y 
3 .9  mi l l ion  ha  o f  cu l t iva t ed  l and  o f  which  1 .3  mi l l i on  ha  i s  r a in - fed  
and  2 .6  mi l l ion  ha  i s  i r r i ga t ed  (Asad ,  2002) .  Th is  i r r i ga t ed  a rea  
p roduces  a lmost  85  % of  a l l  agr i cu l tu r a l  p roduct ions .  In  Afghani s t an  
the  agr i cu l tu r a l  l ands  a re  i r r i ga t ed  b y s u rface  i r r i ga t ion  methods  such  
as  fu r row,  bo rder  and  bas in  i r r i gat ion .  However,  app l i ca t ion  
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eff i c i enc i es  and  d i s t r i bu t ion  un i fo rmi t i es  a re  ver y low due  to  h igh  
runoff  and  deep  perco la t ion  losses .  There fo re ,  minimiz ing  deep  
perco la t ion  and  runoff  whi l e  mee t ing  i r r i ga t ion  requi remen ts  o f  crops  
can  inc rease  i r r i gat ion  per fo rmance .  On  the  o ther  hand ,  su r face  
i r r i ga t ion  especi a l ly  fu r row i r r iga t ion  i s  one  o f  t he  o ldes t  methods  o f  
i r r i ga t ion  and  remains  a  common t echniques  fo r  i r r i ga t ion  o f  fu r row 
c rops  ac ross  t he  wor ld  requ i rement s  (Koech  e t  a l . ,  2014) .  Surface  
i r r i ga t ion  i s  t he  mos t  ex t ens ive l y used  way o f  appl yin g  i r r i ga t ion  
wate r  in  the  wor ld ,  and  fu r row i r r iga t ion  one  o f  i t s  main  example .  
Unfo r tunate l y t hese  methods  o f t en  have  lower  wa te r  use  e ff i c i ency,  
for  these  reasons  severa l  management  t echn iques  have  been  developed  
to  reduce wate r  l o sses  du r ing  the  i r r i ga t ion  even t .  In  t h i s  case ,  no  
resea rch  has  been  done  befo re  in  Afghani s t an ,  and  o nl y a  f ew s tudies  
o f  e s t imat ing  opt imum i r r iga t ion  d ischarge  under  fu r row i r r iga t ion  in  
o the r  count r i es  of  t he  wor ld .  
The  ob ject ive  o f  t h i s  chap te r  i s  t o  in t roduce  a  method to  
es t imate  opt imum i r r iga t ion  d ischarge  which  i t  can  reduce  deep  
perco la t ion  fo r  f u r row i r r iga t ion .  In  th i s  s tud y,  a  mathemat i ca l  model  
o f  su r face  i r r i ga t ion  was  used  to  det e rmine  op t imum i r r iga t ion  
d i scharge  in  the  cu l t iva t ion  o f  tomato  and  to  compare  i r r i ga t ion  




4.2  Materia l  and  Methods  
4 .2 .1  Inf i l t ra t ion  model  
In f i l t r a t i on  i s  one  o f  the  most  impor t an t  so i l  pa ramete rs  i n  t he 
des ign  and  eva lua t ion  o f  t he  su r face  i r r i ga t ion  methods  ( Iembelman ,  
1987) .  Es t imat ion  o f  so i l  i n f i l t r a t ion  i s  majo r  p roblem in  i r r i ga t ion  
s tud ies  due  to  p roper  s e l ec t ion  o f  t he  t echn ique used  to  de te rmine the  
pa ramete r s  o f  t he  in f i l t r a t ion  model s ,  t he  use  o f  empi r i ca l  in f i l t r a t ion  
model ,  and  i t s  dependence on  so i l  moi s ture ,  so i l  charact e r i s t i cs ,  and  
su r face  roughness  (Ho lzapfe l  e t  a l . ,  1988 ;  Walker  and  Busman ,  1990) .  
There  a re  a  number  o f  in f i l t r a t i on  equat ions  avai l ab l e  tha t  a t t empt  t o  
exp la in  the  p rocess  o f  i n f i l t r a t i on  (Chr i s t i ansen ,  e t  a l . ,  1966 ,  
Watanabe e t  a l . ,  1996 ,  Esfandai r i  and  Maheshwar i ,  1997 ,  Jose ,  2003) .  
In  th i s  s tud y,  the  volume bal ance  equa t ion  dur ing  an  i r r i gat ion  even t  
i s  u sed  as  shown in  Eq .  (1 ) .   
The  l e f t  s ide  o f  Eq .  (1 )  i s  t he  vo lume o f  wa te r  appl i ed  in to  a  
fur row.  The r igh t  s ide  o f  t he  equat ion  shows the  sum of  t he  in f i l t r a t ed  
vo lume and  the  volume accumula t ed  in  t he  so i l  su r face  a long a  fu r row.   
q t= ∫ 𝛷（ｔ－ 𝜏)𝑑𝜁＋ 𝜇𝑥 
𝑥
0
 ……Eq….(1 )  
Where q  i s  wa te r  suppl y amount  pe r  un i t  t ime  (d ischarge) ,  Φ 
(T)  =  α 0 T β 0  i s  cumula t ive  in f i l t r a t i on  amoun t  in  t ime  T,  α 0  = α/ (1+β) ,  
β 0  =1+β ,α and  β  are  in t ake  coeff i c i en t s ,  x  i s  wa ter  advance d i s t ance ,  
t  i s  t he  t ime  of  wate r  app l i ed ,  τ  i s  a r r ival  t ime  when reach  to  ζ  
( advance  d is t ance) ,  μ  i s  average  c ross - sect ional  a rea  o f  su r face  f low.   
The  anal yt i ca l  so lu t ion  o f  the  above  in t egra l  equat ion  (Sh i ra i ,  1968)  
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can  be  ex pres sed  as :                                                                                   
υ=x/ t ,  υ o＝ｑ / μ ,  ζ＝ ζ o  t１ + β …………..Eq .  (2 )  
ζ o＝ αΓ(１ +β)/μ ,   υ /υ 0 = F  ………. .  Eq.  (3 )  
When  ζ  i s  smal l  ( ζ  <1 ) ,  









……….. .Eq.  (4 )  





















+∙∙……Eq.  (5 )  
 
Where υ  i s  ve loc i t y o f  wate r  advance (m/s ) ,  x  i s  advance 
di s t ance  (m) ,  t  i s  r equ i red  fo r  wate r  advance  to  reach  d is t ance  of  x  i n  
fur row ( s ) ,  υ 0  i s  in i t i a l  ve loc i t y o f  wate r  advance a t  in l e t  fur row  and  
Γ  i s  gama func t ion .                                       
Th is  mathemat i ca l  model  was  used  in  th i s  work  to  conduct  
numeri ca l  exper iment s  to  det e rmine  op t imum i r r iga t ion  d ischarge .  
Th is  equa t ion  was  appl i ed  to  de t e rmine  in t ake  coeff i c i en t s  and  
es t imate  d i s t r i but ion  o f  i n f i l t r a t ion  amount  under  fu r row i r r iga t ion .  
Th is  ca l cu l a t ion  p rocedure  i s  shown in  F ig .  4 -1 .  F inal l y an  op t imum 
i r r iga t ion  d ischarge  fo r  t omato  c rop  was  found based  on  a pp l i ca t ion  






4.2 .2  Fie ld  measurement  
Water  advance t es t  was  conducted  a t  the  Badam Bagh 
Agr i cu l tu ra l  Expi rement  s t a t i on  in  Kabu l  where  i s  l ocat ed  in  no r th  
pa r t  o f  Kabu l ,  the  t o t a l  a rea  o f  f arm i s  a round  80  ha ,  t he  area  i s  s emi -
 
Fig .  4 -1  Flow  chart  of  ca l cula t ing  in take coef f i c i en ts  on  α  and β  
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ar id  wi th  average  annual  r a in fa l l  o f  350  mm.  The  so i l  t ype  i s  c l ay 
loam,  det e rmined  us ing  the  t ex tu ra l  t r i angle  c l as s i f i ca t ion  o f  the  
In t e rna t ional  Soc ie ty o f  Soi l  Sc i ence .  Soi l  pH i s  8 .  As  shown in  F ig .  
4 -2 ,  a  fu r row was  40  m in  long  wi th  0 .2  m high  bed ,  0 .7  m  in  sur face  
width  and  0 .3  m in  dep th .  Average s lope o f  fur row was  approx imate l y 
f l a t  wi th  0 .02  % along the  d i rec t ion  o f  i r r i ga t ion ,  (Fi g .  4 -3 ,  4 -4 ,  4 -5 ) .  
In  t h i s  upland  f i e ld ,  t omato  was  cu l t i va t ed  under  fu r row 
i r r iga t ion .  Ir r i ga t ion  wate r  was  t aken  f rom a  deep  wel l  i n  t h i s  s t a t i on .  
When  wate r  advance  reached  a t  the  end  o f  fu r row,  i r r i ga t ion  wate r  
was  immediat e l y s topped .  The i r r i ga t ion  d i scharge  fo r  tomato  c rop  
was  0 .00148  m 3 / s ,  u sua l l y l i ke  th i s  amoun t  o f  d i scharge  fa rmer ’s  
i r r i ga t ed  agr i cu l tu ra l  f i e ld .  Reaching  t ime  o f  wate r  advance  was  
measured  a t  each  5  m di s t ance  a long fu r row in  o rder  t o  ca l cu la t e  
in t ake  coeff i c i en t s  (α ,  β )  and  cumulat ive  in f i l t r a t ion  amoun t .  To  
measure  so i l  mo is tu re  content ,  so i l  s ample  were  t aken  a t  0 .05  m in  
dep th  a t  each  5  m in t e rval  be fo re  and  a f t e r  conduct ing  wate r  advance 






Fig .  4 -2  Furrow  and Furrow des ign  
Furrow length 
40 m 
And slope 0 .02%  
Furrow 
surfaces  0 .7 m  
Furrow beds 
0.2 m  
Fig .  4 -3  Furrow  l ength  40  m 
and  s lop e  0 .02  %  
Fig .  4 -4  Furrow  surf ace  wid th  
0 .7  m 















4.2 .3 .  Calcu la t ion  of  crop  water requ irement   
Crop  wate r  r equi rement  i s  ca l cu l a t ed  f rom FAO Crop Wat  8 .0  
us ing  the  fo l lowing p rocedure .  By adding  monthl y  minimum 
tempera tu re ,  max imum temperatu re ,  humidi t y,  wind  and  sun  sh ine  
hour,  which  were  co l l ec t ed  f rom meteoro logical  s t a t ion  in  t he  
resea rch  cente r,  the  month l y ET o  mm per  day i s  found .  As  wel l  as  b y 
add ing  the  va lue  o f  Kc  0 .60  fo r  i n i t i a l  s tage ,  1 .15  for  development  up  
to  mid -season and  0 .80  fo r  l a t e  s eason ,  and  s t age  o f  growing i s  30  
days  in i t i a l  s t age ,  40  days  development  s t age  ,  45  days  mid -season 
s t age  and  30  days  l a t e  s eason  s t age ,  to ta l  growing s t age  equa l  t o  145  
days .  root  dep th  in  the  in i t i a l  s t age  was  0 .25  m and  mid -season  0 .40  
m,  c r i t i ca l  deple t ion  ( f rac t ion )  was  0 .30  in  i n i t i a l  s t age ,  0 .40  in  mid -
season  s t age  and  0 .50  in  l a t e  s eason  s t age ,  yi e ld  response  f rac t ion  
was  0 .50  in  in i t i a l  s t age ,  0 .60  deve lopment  s t age ,  1 .10  mid -season 
s t age  and  0 .80  in  l a t e  s eason  s t age  and  c rop  he ight  was  0 .60  m in  mid -
season  s t age ,  the  ha rves t  da t e  i s  found,  which  i s  22/08 .  And  then  
monthl y ra in  dat a  was  added ,  th i s  was  co l l ec t ed  f rom ra in  gauge ,  t he  
amoun t  i s  a s  fo l lows ;  30 ,  44  ,41 .5 ,  21 ,  50 .5 ,  0 .2 ,  27 ,  26 .5 ,  7  mm in  
Januar y,  Februar y,  March ,  Apr i l ,  May,  J une ,  Ju l y,  Augus t  and  
September  respec t ivel y (F ig .  4 -6 ,  4 -7 ) ,  a f t e r  wh ich ,  i r r i ga t ion  
requ i remen t  o f  tomato  fo r  each  decade  of  month  i s  ca l cu l a t ed  to  ge t  
the  t omato  c rop  wate r  r equ i rement  fo r  t he  f i rs t  decade o f  Augus t ,  
wh ich  i s  42 .6  mm (4 .26  mm per  day) .  For  Ir r i ga t ion  in t e rval  o f  7  days  
(F ig .  4 -8) .  
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Crop  wate r  consumpt ion  =i r r iga t ion  in t e rval  ×  c rop  wate r  
r equ i remen t  pe r  day.  Crop  wat er  consumpt ion=  7 ×4.26  mm= 29 .82  mm,  
To conver t  t o  mete r s ,  d iv ide  b y  1 ,000 ,  i n  th i s  case ,  
29 .82/1 ,000= 0 .0298 m.  Average  fu r row width  i s  0 .45  m,  in  t h i s  case  
Average  fu r row width  ×crop  wate r  consumpt ion  fo r  7  days ,  0 .45 ×  
0 .0298= 0 .0134  m 2  





Fig .  4 -6  Tomato growth s tage  and t ime  of  harves t  in  th i s  







Fig .  4 -7  Monthly  ra inf a l l  in  th i s  experimental  s ta t ion   
Fig .  4 -8  Calcula t ion  of  crop  water requirement  by  FAO Cropw at  
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4 .3.  Resul t s  and  d i scuss ion    
4 .3 .1  Water advance  tes t  and in take coef f i c i en t  
The ac tua l  f a rmer ’s  i r r i ga t ion  wate r  d i scharge  was  0 .00148  
m 3 / s ,  t he  t h ree  rep resen ta t ives  da t a  were  x 1  t 1 ,  x 2  t 2 ,  and  x 3  t 3 ,  and  
the  veloci t y  advance  t es t (v 1 ,  v 2 ,  v 3 )  were  0 .0603 ,  0 . 0730 and  0 .1  
m/sec  respect ive l y (Tab le  4 -1) .  The in t ake  coeff i c i en ts  o f  α  and  β  
were 4x10 - 4 ,  -0 .4988,  r espect ivel y.  The  average  sec t iona l  a rea  o f  t he  
su r face  s t r eam (μ)  was  9 .6786x10 - 3 .  The resu l t  o f  wate r  advance t es t  
wi th  ac tua l  f a rmer ’s  i r r i ga t ion  wate r  d i scha rge  was  shown in  Tab le  4 -




Table  4 -1  Mathematical  analys i s  of  the  three  representa t ives ’ 
data  and  in take  coef f i c i en t  
Date: 2014/08/06
x1 T1 v1 X2 T2 v2 x3 T3 V3
35 580 0.0603 20 274 0.0730 10 100 0.1







4 .3.2  Cumulat ive  inf i l t ra t ion  w ater amount   
When  wate r  advance reached  the  end  o f  the  fu r row,  i r r i ga t ion  
was  immedia t e l y s topped .  At  t h i s  pe r iod  to t a l  amoun t  o f  i r r i ga t ion  
wate r  (q t )  was  9 .338 x10 - 1  m 3 .  Amount  o f  wa te r  i n f i l t r a t ed  in to  so i l  
l ayer  (S 1 )  was  ca l cu la t ed  us ing  S impson  ru l e .  T he in f i l t r a t ed  amount  
o f  wate r  was  5 .430 ×10 - 1  m 3  and  amoun t  o f  r emain ing  su r face  wa te r  in  
40  mete rs  l ength  of  fu r row (μx)  was  3 .991 ×10 - 1  m 3 .  Af t e r  r emain ing  
su r face  wate r  amount  (S 2 )  was  in f i l t r a ted  in to  the  so i l  l aye r.  To ta l  
amoun t  o f  i r r i ga t ion  d ischarge  (q t )  was  9 .338 ×10 - 1  m 3 .  The  amoun t  o f  
in f i l t r a t ed  (S 1 +S 2 )  was  9 .335 ×10 - 1  m 3 .  The  re l a t ionship  be tween to t a l  
wate r  supp l y (q t )  and  to t a l  in f i l t r a t i on  amount  (S 1 +S 2 )  i s  a s  fo l lows :  
 q t  =  9 .338 ×10 - 1  m 3  ≒  S 1 +S 2 = 9 .335 ×10 - 1  m 3  
I t  shows tha t  two values  are  approx imate l y equa l .  Table  4 -3  shows 
water  in f i l t r a t i on  amoun t  b y S impson’s  ru l e .  Cumula t ive  in f i l t r a t ion  
Table  4 -2  Resu l t  of  water advance  tes t  wi th  q=  0 .00148  m 3 / s  












amoun t  o f  wa te r  was  ca l cu la t ed  a t  each  5m di s t ance  (Table  4 -4 )  
4 .3.3  Appl i ca t ion  e f f ic i ency  of  ac tual  I rr igat ion  water  
Percent  of  app l i ca t ion  e ff i c i ency ca l cu la t ed  b y the  fo l lowing 
formula:  
Appl i ca t ion  e ff i c i ency % = amoun t  o f  wate r  s to red  in  t he  e ffec t ive  
so i l  l ayer ـ÷ to t a l  wate r  supp l y  
=0.0134  ×40 ÷q t  ×100 =  0 .537 ÷0.9335×100 =  57 .4  %  
Appl i ca t ion  e ff i c i ency va lue  o f  fu r row  i r r iga t ion  managed b y 
local  f a rmer  was  57 .4  % as  shown in  F ig .  4 -9 .  In  o rder  t o  det e rmine 
the  max imum value  o f  i r r i ga t ion  app l i ca t ion  e ff i c i ency,  we  cal cula t ed  
the  d i s t r ibut ion  o f  in f i l t r a t i on  amoun t  wi th  d i fferen t  i r r i ga t ion 
d i scharge  such  as  0 .0011 ,  0 .0 02 ,  and  0 .003  m 3 / s  i n  o rder  t o  compare  
app l i ca t ion  e ff i c i ency to  convent ional  i r r i ga t ion  d i scharge  (0 .00148  
m 3 / s ) .  C rop  wate r  r equ i rement  fo r  t omato  was  4 .2  mm/day on  Augus t  
2014  us ing  FAO CROPWAT program 8 .0 .  Growing per iod  of  t omato  
was  in  mid -season .  Ir r i ga t ion  in t e rva l  was  7  days  which  i s  s ame as  
fa rmers’ vege table  c rop  i r r i ga t ion  in t e rval .  C rop  wate r  r equ i rement  







Table  4 -3  Water in f i l t ra t ion  amount  by  S impson’s  ru le  
Simpson's rule S1 μL qt S1+μL Simpson's rule S1+S2 ΔT














Table  4 -4  Resu l t  of  water advance  tes t  and calcu lat ion  o f  










































Infiltration amount when water advance reached 
at the end of rurrow
Surface water infiltration amount 
A ppl i ca t i on  e f f i c i enc y5 7 .4%  
 
Table  4 -5  Mathemat ica l  
analys is  three  
representa t ives ’ da ta  and  
intake  
coe f f i c i en t A pp l i c a t io n  
e ff i c i e nc y5 7 .4%  
Fig .  4 -9  Actual  inf i l t ra t ion  amount ,  q= 0 .00148 m 3 / s  
110 
 
4 .3.4  S imulat ion  w ater advance tes t  and in take  coef f i c i ent  
(1)  q= 0 .0011  m 3 / s ec  
In  order  to  de t e rmine  the  max imum va lue  o f  i r r i ga t ion  
app l i ca t ion  e ff i c i ency,  we a re  ca l cu la t ed  the  d i s t r i bu t ion  o f  
in f i l t r a t ion  amount  us ing  0 .0011 m 3 / s  wh ich  i s  lower  t han  ac tual  
i r r i ga t ion  d ischarge ,  we se l ec t ed  th ree  rep resenta t ives  da t a  o f  x 1  t 1 ,  
x 2  t 2 ,  and  x 3  t 3 ,  t he  ve loc i t y advance t es t  were  0 .04902 ,  0 .06578 and 
0 .084  m/sec  respect ivel y (Table  4 -5 ) .  The in t ake  coeff i c i en ts  o f  α  and  
β  were  4x 10 - 4 ,  - 0 .5023,  r espec t ivel y.  The  average  sec t ional  a rea  o f  
the  sur face  s t r eam (μ )  was  7 .3304x10 - 3 .  The resu l t  o f  wa te r  advance 
tes t  wi th  es t imat ing  i r r i ga t ion  wate r  d i scharge  i s  a s  shown in  Tab le  
4 -6 ,  where  the  t a rget  a rea  was  i r r i ga t ed  in  899 seconds .   
 
 
Table  4 -5  Mathematical  analys i s  three  representat ives ’ data  and 
in take  coef f i c i ent  
       Date: 2014/08/06   ｑ: 0.0011m3/sec   Place: Afghanistan   Slope: 1/5000
ｘ１ T1 ｖ１ X2 T2 ｖ２ ｘ３ T３ ｖ３
35 714 0.0490 20 304 0.0658 10 119 0.0840
Table  4 -6  Resu l t  of  water advance  tes t  wi th  q=  0 .0011  m 3 / s  












By us ing  i r r i ga t ion  wate r  d i scharge  o f  0 .0011 m 3 / s ,  the  t o t a l  
amoun t  o f  i r r i ga t ion  water  a t  the  end  o f  t he  fu r row (q t )  was  9 .89x 10 -
1  m 3 .  Amount  o f  wa te r  i n f i l t r a t ed  in to  so i l  l ayer  (S 1 )  was  ca l cu la t ed  
us ing  S impson’s  ru l e  and  found to  be  7 .073  ×  10 - 1  m 3  and  the  amount  
of  remain ing  on  the  sur face  o f  t he  40  mete r s  l ength  o f  fu r row (μx )  
was  2 .932  ×  10 - 1  m 3 .  Af t e r  t ime  ( Δ T )  wh ich  i s  660  sec  the  remain ing  
su r face  wate r  amount  (S 2 )  was  in f i l t r a ted  in to  the  so i l  l aye r.  To ta l  
amoun t  o f  i r r i ga t ion  d i scharge  (q t )  was  9 .89  ×  10 - 1  m 3 .  The  amoun t  
o f  i n f i l t r a t ed  (S 1 + S 2 )  which  i s  equa l  t o  9 .9 × 10 - 1  m 3 .  The re la t i onship  
between  to t a l  wa te r  supp l y (q t )  and  to t a l  i n f i l t r a t i on  amount  (S 1 +S 2 )  
i s  as  fo l lows  
q t  =  9 .338  ×  10 - 1  m 3  ≒  S 1 +S 2  =  9 .9  ×10 - 1  m 3  
I t  shows  that  two values  a re  approx imate l y equa l  a s  shown in  Tab le  
4 -7 .  Cumulat ive  in f i l t r a t i on  amount  o f  wate r  were  ca l cu la t ed  a t  each  
5  m di s t ance  (Table  4 -8 ) .  
Appl i cat i on  e f f i c i ency  o f  I rr i ga t ion  water                                        
     Pe rcent  o f  appl i ca t ion  e ff i c i ency  ca l cu la t ed  b y the  fo l lowing 
formula:  
Appl i ca t ion  e ff i c i ency % =  amoun t  o f  wa te r  s to red  in  t he  e ffec t ive  
so i l  l ayer  ـ ÷ to t a l  wate r  supp l y  
=0.0134  ×40 ÷ q  t  ×  100  =  0 .537 ÷ 0 .9891  ×  100  =  54 .2%  
Appl i ca t ion  e ff i c i ency va lue  o f  fu r row i r r iga t ion  wi th  
es t imat in g  i r r i ga t ion  wate r  d i scharge  0 .0011 m 3 / s  was  54 .2  % as  






Table  4 -7  Water in f i l t ra t ion  amount  by  S impson’s  ru le  
Simpson's rule S μL qt S+μL Simpson's rule S1+S2 ΔT




Table  4 -8  Calcula t ion  resul t  of  cumulat ive  inf i l t ra t ion  
amount ,  q= 0 .0011  m 3 / s  
 
Fig .  4 -10  S imulat ion  inf i l t ra t ion  amounts ,  q= 0 .0011  m 3 / s  














Water  ad vance  tes t  and  intake  coe f f i c i en t  
(2)q=  0 .002  m 3 / s ec  
To  f ind  the  max imum value  o f  i r r i ga t ion  app l i ca t ion  e ff i c i ency,  
we  a re  ca l cu la t ed  the  d i s t r ibut ion  o f  i n f i l t r a t i on  amount  us ing  0 .002  
m 3 / s  wh ich  i s  h igh er  t han  ac tual  i r r i ga t ion  d i scharge ,  we se l ec t ed  
th ree  rep resenta t ives  da t a  of  x 1  t 1 ,  x 2  t 2 ,  and  x 3  t 3 ,  t he  ve loc i t y 
advance  t es t  were  0 .0954,  0 .1149 and  0 .1370  m/s  respect ivel y Tab le  
4 -9 .  The  in t ake  coeff i c i en t s  of  α  and  β  were  4x10 - 4 ,  -0 .4979 ,  
respect ive l y.  The average sect ional  a rea  o f  t he  su r face  s t r eam (μ )  was  
9.6786x10 - 3 .  The  resu l t  o f  wate r  advance  t es t  wi th  es t imat ing  
i r r i ga t ion  wate r  d i scharge  i s  shown in  Table  4 -10  where  the  t a rge t  
a rea  was  i r r i ga t ed  in  442  seconds .  
 
 
Table  4 -9  Mathematical  analys i s  three  representat ives ’ data  
and  in take  coef f i c i en t   
Date : 2014/08/06
x1 T1 v1 X2 T2 v2 x3 T3 V3
35 367 0.0954 20 174 0.1149 10 73 0.1370
q (discharge) : 0.002m
3
/sec Place : Afghanistan Slope : 1/5000 
Table  4 -10  Resul t  of  w ater advance tes t  wi th  q=  0 .002 m 3 / s   












By use  o f  i r r i ga t ion  wate r  d i scharge  o f  0 .002 m 3 / s  the  wate r  
tha t  r eached the  end  of  t he  fu rrow (q t )  was  8 .84x 10  - 1  m 3 .  Amount  o f  
wate r  i n f i l t r a t ed  in to  so i l  l ayer  (S 1 )  was  ca l cu la t ed  us ing  S impson’s  
ru l e  and  found to  be  4 .843x 10 - 1  m 3  and  remain ing  wate r  on  the  su r face  
in  t he  40  m l ength  o f  fu r row (μx)  was  3 .871x10 - 1  m 3 .  Af t e r  t ime  (Δ T )  
5 6 7  s e c ,  t he  remain ing  su r face  wate r  amoun t  was  inf i l t r a t ed  (S 2 )  
in to  t he  so i l  l ayer .  Tota l  amoun t  o f  i r r i ga t ion  d ischarge  (q t )  was 
8 .84x 10 - 1  m 3 .  The amoun t  o f  in f i l t r a t ed  wate r  (S 1 +S 2 )  was  8 .85x 10
- 1  
m 3 .  The re l a t ionship  between to t a l  wa te r  suppl y (q t )  and  to t a l  
in f i l t r a t ion  amoun t  (S 1 +S 2 )  i s  a s  fo l lows ,  q t=  8 .84x 10
- 1  m 3≒  S 1 +S 2  
=  8 .85x10 - 1  m 3 .  I t  shows tha t  two values  a re  approx imate l y equa l  a s  
shown in  Table  4 -11 .  
Cumula t ive  in f i l t r a t ion  amount  o f  wa te r  were  ca l cu la t ed  a t  
each  5  m d is t ance  (Tab le  4 -12) .  Appl i cat ion  e f f i c iency  o f  es t imat ing 
Irr i ga t ion  water  d i scharge  0 .002  m 3 / se c .                                        
Appl i ca t ion  e ff i c i ency % =  amount  o f  wate r  s to red  in  the  e ffec t ive  
so i l  l ayer  ـ ÷ to t a l  wate r  suppl y=  0 .0134  x  40 ÷ q t  x  100= 0 .537  ÷ 
0 .8852  x 100= 60 .5  %  
Appl i ca t ion  e f f i c i ency va lue  o f  fu r row i r r iga t ion  wi th  
es t imat ing  i r r i ga t ion  wate r  d i scharge  0 .002 m 3 / s  was  60 .5  % as  shown 






Table  4 -11  Water inf i l t ra t ion  amount  by  S impson’s  ru le   
 Simpson's rule S μL qt S+μL Simpson's rule S1+S2 ΔT




Table  4 -12  Calcu la t ion  resul t  of  cumulat ive  inf i l t ra t ion  
amount ,  q= 0 .002  m 3 / s  













Fig .  4 -11  S imulat ion  inf i l t ra t ion  amounts ,  q= 0 .002  m 3 / s  
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 (3 )q= 0 .003  m 3 / s ec  
In  order  to  de t e rmine  the  max imum va lue  o f  i r r i ga t ion  
app l i ca t ion  e ff i c i ency,  we a re  ca l cu la t ed  the  d i s t r i bu t ion  o f  
in f i l t r a t ion  amount  us ing  0 .003 m 3 / s  which  i s  h igher  t han  ac tual  
i r r i ga t ion  d i scharge ,  a l so  th ree  rep resenta t ives  da t a  o f  x 1  t 1 ,  x 2  t 2 ,  and  
x 3  t 3 ,  were  se l ec t ed ,  the  veloci t y  advance  t es t  were  0 .1357,  0 .1550 
and  0 .1754 m/sec  respec t ivel y (Tab le  4 -13)  The  in t ake  coeff i c i en ts  of  
α and  β  were  4x10 - 4 ,  -0 .4952 ,  r espec t ivel y.  The average  sec t ional  a rea  
of  the  su r face  s t r eam (μ )  was  1 .2312x10 - 3 .  The  resu l t  o f  wa te r  advance 
te s t  wi th  es t imat ing  i r r i ga t ion  wate r  d i scharge  i s  a s  shown in  Tab le  
5 -14 .  The t a rge t  a rea  was  i r r i ga t ed  in  306  seconds .  
 
 
Table  4 -13 Mathemat ica l  analys i s  three  representa t ives ’ data  
and  in take  coef f i c i en t  
Date : 2014/08/06
x1 T1 v1 X2 T2 v2 x3 T3 V3
35 258 0.1357 20 129 0.1550 10 57 0.1754
q (discharge) : 0.003m
3
/sec Place : Afghanistan Slope : 1/5000 










Table  4 -14  Resul t  of  w ater advance tes t  wi th  q=  0 .003 m 3 / s  
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By us ing  i r r i ga t ion  wate r  d i scharge  o f  0 .003  m 3 / s  t he ,  amount  
o f  i r r i ga t ion  wate r  (q t )  tha t  r eached the  end  o f  t he  fu r row was  9 .18  x
10  - 1  m 3 .  Amount  o f  wate r  i n f i l t r a t ed  in to  so i l  l ayer  (S 1 )  was  
cal cula t ed  us ing  S impson’s  ru l e  and  found  to  be  4 .127x  10 - 1  m 3  and  
amoun t  o f  wate r  r emain ing  on  the  su r face  o f  40  m l ength  fur row (μx)  
was  4 .925  x10 - 1  m 3 .  Af t e r  t he  remain ing  su r face  wate r  amoun t  (S 2 )  
was  in f i l t r a t ed  in to  the  so i l  l ayer.  To ta l  amoun t  o f  i r r i ga t ion  d i scharge  
(q t )  was  9 .18  x  10 - 1  m 3 .  The  amount  o f  in f i l t r a t ed  wate r  (S 1 + S 2 )  was  
9 .05  x  10 - 1  m 3 .  The  re l a t i onsh ip  between  to t a l  wa ter  supp l y (q t )  and  
to t a l  i n f i l t r a t ion  amoun t  (S 1 +S 2 )  i s  as  fo l lows  q t=  9 .18  x  10 - 1  (m 3 )≒
S 1 +S 2 = 9 .05  x  10 - 1  (m 3 ) .  I t  shows  tha t  two  values  a re  approx imate l y 
equa l  a s  shown in  Table  4 -15 .  
Cumula t ive  in f i l t r a t ion  amount  o f  wa te r  were  ca l cu la t ed  a t  
each  5  m d is t ance  (Tab le  4 -16) .  
Appl i ca t ion  e f f i c i ency  o f  I r r igat ion  water                                        
     Pe rcent  o f  appl i ca t ion  e ff i c i ency  ca l cu la t ed  b y the  fo l lowing 
formula:  
Appl i ca t ion  e ff i c i ency % =  amount  o f  wate r  s to red  in  the  e ffec t ive  
so i l  l ayer  ـ ÷ t o t a l  wate r  supp l y  
=0.0134  ×40 ÷ q  t    ×100 =  0 .537  ÷ 0 .9052 ×  100  =  59 .2%  
Appl i ca t ion  e ff i c i ency va lue  o f  fu r row i r r iga t ion  wi th  
es t imat ing  i r r i ga t ion  water  d i scharge  0 .003  m 3 / s  was  59 .2  % as  shown 
in  Fig .  4 -12 ,  and  Table  4 -17  show app l i ca t ion  e ff i c i ency o f  ac tual  and  





Simpson's rule S μL qt S+μL Simpson's rule S1+S2 ΔT




Table  4 -15  Water inf i l t ra t ion  amount  by  S impson’s  ru le   












Table  4 -16  Calcu la t ion  resul t  of  cumulat ive  inf i l t ra t ion  
amounts ,  q=  0 .003 m 3 / s  
 




Ver i f i cat ion  o f  water  saving  
I t  shows tha t  the  conven t ional  i r r i ga t ion  wate r  amount  i n  one 
fur row wi th  l ength  o f  40  m i s  equal  to  0 .934  m 3 .  Accord ing  to  resu l t s  
o f  es t imat ing  the  opt imum i r r iga t ion  wate r  d i scharge  in  fur row wi th  
same fur row s ize ,  i t  i s  equal  to  0 .883  m 3 .  Di f fe rence  o f  t o t a l  amount  
o f  i r r i ga t ion  wat e r  between  convent ional  i r r i ga t ion  method managed 
b y fa rmer  and  opt imum i r r iga t ion  wate r  b y s imulat ion  i s  equal  t o  
0 .051  m 3 .  Th is  va lues  a re  l i t t l e  amoun t  o f  wate r  fo r  one  fu rrow.  
However ,  i t  i s  supposed  to  ca l cu la t e  i r r i ga t ion  wate r  amoun t  fo r  one  
hect a re  l and  wi th  under  40m in  l ength  under  fu r row i r r iga t ion .  If  we 
f inal l y cons ider  i r r i ga t ing  tomato  f i e ld  in  one hec t a re  l and  which  has  
100 fu r row l ines  wi th  l ength  o f  40  m and under  wa te r  d i scharge  0 .002  
m 3 / s .  i t  could  be  saved  5 .1  m 3  pe r  hec t a re  o f  i r r i ga t i on  wate r  amount  
compared  to  ex i s t ing  i r r i ga t ion  condi t i on  in  each  i r r i ga t ion  














Table  4 -17  Appl i ca t ion  ef f i c i ency  of  ac tual  and d i f f erent  




4 .4 Conclus ions   
Water  management  under  a r id  and  semi -a r id  zone  in  i r r i gat ed  
agr i cu l tu re  i ncludes  mul t ip l e  f ace s ,  one  o f  t hem i s  a  modi f i ed  wate r  
d i scharge  in  fur row i r r iga t ion  s ys t em in  Afghan is t an  to  reduce  runoff  
lo sses  and  deep  percola t ion .  The  use  o f  measured  wate r  f l ows  p roved 
v i t a l  fo r  appl i ca t ion  e ff i c i ency.  In  th i s  s tud y ac tual  wate r  d i scharge  
was  0 .001489  m 3 / s  wh ich  a re  used  b y l ocal  f a rmers  i n  t hei r  l and  a f t e r  
i r r i ga t ion ,  and  inf i l t r a t i on  o f  wa ter  in  t he  fu r row o f  agr i cu l tu re  f i e ld  
i s  ca l cu l a t ed  as  wel l  as  app l i ca t ion  e ff i c i ency o f  ac tual  wa ter  
d i scharge  i s  det e rmined .  The app l i ca t ion  e ff i c i ency was  found  to  be  
57 .4  %.  By es t imat ion  o f  0 .0011  m 3 / s ,  0 .002  m 3 / s ,  and  0 .003  m 3 / s  
wate r  d i scharge  app l i ca t ion  e ff i c i ency improved  a  d i ffe ren t  
pe rcen tage .  Espec ia l l y i r r i ga t ion  d ischarge  of  0 .002  m 3 / s  had  the  
h ighes t  app l i ca t ion  e ff i c i ency va lue ,  wate r  d i scharge  app l i ca t ion  








Actual water supplied in one furrow 0.0934 m
3




 1 furrow × 100 furrow = 0.051 × 100 = 5.1 m
3 
/ ha 
Fig .  4 -13  Agr icul ture  f i e ld  layout  
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app l i cable  t o  es t imate  opt imum i r r iga t ion  d i scharge  fo r  fu r row 
i r r iga t ion .  Thi s  i s  3 .1  % h igher  than  ac tual  wate r  d i scharge .  Based  on  
the  dat a  obta ined  i t  was  es t imated  to  save  5 .1  m 3 /ha  o f  wate r  i n  one  
i r r i ga t ion  schedu l ing  t ime.  Under  t he  i r r i ga t ion  wi th  100  l ines  wi th  
40  m long fu r row.  Th is  method  can  be  app l i cable  i n  es t imat ion  o f  
op t imum i r r iga t ion  d i scharge  fo r  fu r row i r r iga t ion .  For  more  det a i l s  
i t  i s  impor t an t  t o  conduc t  fu r the r  r ese a rch  in  o the r  c rops  to  p ropose  
the  bes t  p ract i ce  fo r  r educing  amoun t  o f  i r r i ga t ion  water  for  fu r row 
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C h a p t e r  5  
 
E f f e c t  o f  m u l c h i n g  w i t h  f i l m  o f  d i f f e r e n t  
c o l o r s  o n  s o i l  t e m p e r a t u r e  a n d  y i e l d  o f  




5.1  In troduct ion  
5 .1 .1  Background  
Afghani s t an  i s  a  s emi -a r id  l and  lock  count r y and  i t  i s  l ocat ed  
in  cen t ra l  As ia .  Cover ing  a rea  o f  about  652,225  km 2  (Naser i ) .  
Afghani s t an  s t r e t ches  be tween  29 o  35’and  38 o  40’ l a t i t ude  to  60 o  31’ 
and  74 o  55’ o f  t he  longi tude .  Wi th  a  t o ta l  o f  55 .29  km o f  bo rder,  t he  
longes t  being  2 ,640  km border ing  Paki s tan  to  the  sou th  and  s t re t ch ing 
th rough  southeas t  to  t he  eas t e rn  pa r t  o f  Afghan is t an .  I t  i s  a l so 
bo rdered  to  the  wes t  b y Iran  (930  km) and  to  the  no r th  b y cent ra l  As ia  
s t a t es  o f  Taj ik i s t an  (1 ,206 km) ,  Turkmen is t an  (744  km)  and  
Uzbeki s t an  (137 km) .  Afghani s t an  i s  no r theas t  bo rder  i s  on  i t s  eas t e rn  
f ront i e r  wi th  ch ina  (76  km)  (F ig .  5 -1 ) .  The  eas t e rn  pa r t  o f  Afghani s t an  
i s  a  r eg ion  o f  swif t  –  f l owing,  r i ve r,  g reen  and  fe r t i l e  va l l eys .  
High lands ’s  dese r t s  make the  sou th  and  south  wes t .  Most l y rugged  
moun ta in .  Afghani s t an  i s  charact e r iz ed  b y a  cont inenta l  c l imate ,  
a l though  the  p resence  o f  moun ta ins  causes  man y local  va r i a t ions .  The  
t yp ical  c l imate  va r i es  f rom a r id  i n  t he  south  and  sou thwes t  to  semi –  
a r id  i n  mos t  o the r  pa r t s  o f  t he  count r y  (Ola f  Thieme. ,  2006  and  asad  
sarwar  Qureshi  2002) .  The h ighes t  poin t  in  Afghani s t an  i s  now Shaq  
which  a t t a ins  a l t i t ude  o f  7 ,492m and  the  lowes t  poin t  i s  Amu Dar ya  
wi th  258  m as l ,  the  annual  d i s t r ibut ion  o f  p recip i t a t i on  in  t he  more  
than  ha l f  of  t he  a rea  rece ives  100 mm to  300 mm per  annum.  The  
remain ing  50  % of  the  count r y (hav ing  a l t i tude  o f  more  2 ,000m as l )  
r eceives  300  mm to  800  mm of  prec ip i t a t ion .  About  50  % of  t he  
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precip i t a t i on  occurs  in  winte r  (J anuar y t o  march) ,  much  o f  wh ich  fa l l s  
in  the  fo rm o f  snow.  A fu r the r  30  % fa l l s  i n  sp r ing  (Apr i l  to  June)  and  
remain ing  20  % dur ing  summer  and  autumn.  In  F ig .5 -2  and  5 -3  i s  
shown agro  c l imate  o f  two p rov inces  wi th  d i ffe rent  a l t i tude .  The  da i l y  
(20 -30  °C)  and  the  seasona l  (35 -40  °C)  va r i a t i on  o f  t emperatu res  a l l  
over  the  coun t r y l e ad  to  d i ffe ren t  l engths  o f  growing seasons ,  and  
requ i re  a  ca re fu l  s e l ec t ion  o f  t he  most  su i t ab l e  c rop  fo r  an  a rea .  
Annual  evapot ransp i ra t ion  ra t e  a re  r e l a t ive l y low in  the  Hindu  kush  
(1 ,000 -1 ,300 mm) be cause  o f  s evere  l ong  win te rs .  They va r y be tween 
1 ,300  mm and  1 ,500  mm in  the  no r the rn  p l a ins  and  reach  up  to  1 ,800 
mm in  the  southern  and  southwes te rn  p l a ins .  However,  summer  
evapot ranspi ra t ion  ra t es  a re  h igh  showing a  dai l y peak  o f  6 -8  mm in  
Ju l y and  Augus t  (F ig .  5 -4 )  as  r eco rded  in  mos t  p l aces .  
The  agr i cu l tu re  p roduc t ion  depends  on  the  avai l ab i l i t y o f  wate r,  
e i the r  as  d i rec t  r a in fa l l  o r  in  t he  fo rm o f  i r r i ga t ion .  1997  FAO survey 
indicat es  t ha t  an  a rea  o f  92 ,000  ha  o f  vege tables  were  p l an ted  in  
1976 .dur ing  th i s  pe r iod  vege table  a rea  had  remained  more  o r  l e ss  
cons t ant  a t  90 ,000  ha .  the  majo r  vege table  c rops  in  Afghani s t an  
include melon  38 .0  %,  wa te rmelon  18 .0  %,  onion  12 .0  %,  pota to  
12 .0  % ,  t omato  7 .4  % (6 ,660 ha) ,  wi th  t hese  f i ve  speci es  r ep resent ing  
87 .  4% of  the  to t a l  a rea  under  vege table  cu l t iva t ion  (F ig .  5 -5) .  In  
Afghani s t an  Tomato  ( Lycopers i con  e scu len tum L . )  i s  one  o f  the  
impor t an t  vege tab le  crops  ex t ens ivel y  grown  dur ing  the  sp r ing  and  
summer  seasons  in  man y regions .  The  average  yi e ld  o f  t omatoes  are  
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10 ,710 kg/ha  ( ICARDA,  2003) .  However,  t omato  cu l t iva t ion  has  man y 
i ssues  due  to  low tempera tu re  i n  ea r ly sp r ing  and  wate r  de f i c i t  i n  
summer,  on  the  o ther  hand ,  heav y in fes t a t ion  b y summer  weed  i s  a  
grea t  p rob lem,  s ince  chemical  con t ro l  i n  f resh  market  f ru i t s  f aced  
wi th  l imi t a t ions  i n  t he  above  men t ioned  case  tomato  yi e ld  i s  ve r y low.  
To  ob ta in  good  yi e ld  p l as t i c  mulch  can  be  used .  P l as t i c  mulch  
app l i ca t ion  i s  e ffec t ive  in  i nc reas ing  so i l  t emperature ,  conserv ing  so i l  
moi s tu re  and  weed  con t ro l .  Mulch  su r face  co lo r  can  in f luence  the  
p l an t  mic rocl imate  su ff i c i en t l y and  to  a ffec t  ea r l y yi e ld  of  f r esh  
market  tomato .  Co lo r  o f  mulch  a l so  a ffec t ed  bo th  the  p l an t  l i gh t  
env i ronment  and  so i l  t emperatu res .  P l as t i c  mulches  a f fec t  p l an t  
mic roc l imate  b y modi f ying  the  so i l  energy ba l ance  and  b y res t r i c t i ng 
so i l  wate r  evaporat ion .  Modi f i ca t ion  o f  these  mic roc l imate  fac to r s  
in f luence  so i l  t emperature ,  wh ich  a ffec t s  p l an t  growth  and  yi e ld .  
Inc reased  root -zone  t empera tu re  (RTZ)  i s  one  o f  t he  main  benef i t s  
a ssoci a t ed  wi th  use  o f  p l as t i c  mulches  (Wien  and  Minot t i ,  1993)  
s ign i f i cant  r esea rch  dur ing  the  l a s t  30  years  indica t es  tha t  b l ack  
mulch  i s  r ecommended  dur ing  the  sp r ing  to  warm the  so i l  (Hat t  e t  a l . ,  
1995 ,  Lomant ,  1993) .  In  the  summer  and  fa l l ,  a luminum or  wh i t e  
co lo red  mulches  a re  p re fe r red  because  the  mulches  hea t  t he  so i l  l es s  
than  b l ack  mulch  (Hat t  Graham e t  a l . ,  1995) .  In  addi t ion  to  so i l  
warming,  p l as t i c  mulch  a l so  mod i f y the  l i gh t  env i ronment  a round the  
p l an t  t he  l i gh t  r e f l ec t ed  f rom the  mulch  may a ffec t  p l an t  growth  and  
morphogenes is  (Decoteau  e t  a l . ,  1989) .  However,  t he  in f luence  of  
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mulch  colo r  on  p l ant  r esponses  has  been  d i ff i cu l t  t o  r econci l e .  The  
e ffec t  o f  mulch  co lo r  on  tomato  p l ant  growth  and  yi e ld  va r y according  
to  t he  geographic  locat ion  and  season  (Cs iz inszk y e t  a l . ,  1995) ,  
sugges t ing  tha t  p l an t s  grown on  colo red  mulches  respond  to  fac to rs  
in  addi t i on  to  t he  l i gh t  r e f l ec t ed  f rom the  mulch .    
The  main  ob ject ives  o f  t h i s  s tud y a re  t o  measure  the  in f luence  
o f  mulch  su r face  co lo r  on  re f l ec t ed  l i ght  and  det e rmine  the  e ffec t s  o f  
va r ious  mulch  su r face  co lor s  on  yi e ld  o f  f r esh -marke t  tomatoes  
p l an ted  in  t he  sp r ing .  
 
  






Fig .  5 -2  Cl imate  of  Zaranj  province ,  Afghan is tan  






Fig .  5 -4  Annual  precip i tat ion  and  evapotranspira t ion  a t  





































































































































Fig .  5 -5  Vegetable  grow ing percentage  in  Af ghani s tan  
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5.2  Materia l s  and Methods  
The  exper imen t  was  conduc ted  dur ing  the  pe r iod  of  May to  
October  2009 ,  2010  a nd  2011 fo r  t h ree  years  a t  t he  Qargha resea rch  
s t a t ion  o f  Kabu l -  Afghani s t an  ( l a t i tude  34°  54  N,  longi tude E  69°  8  
E,  e l evat ion  1 ,834  m) .  Soi l  t ex tu ra l  o f  the  exper imen ta l  f i e ld  was  
sand y loam us ing  the  t ex tu ra l  t r i angle  c l ass i f i ca t ion  o f  t he  
in t e rnat ional  soci e ty o f  so i l  s c i ence .  Soi l  pH was  8 .  The exper iment  
des ign  was  a  r andomized  comple t e  b lock  wi th  th ree  rep l i ca t ions .  
Three  mulch ing  t r ea tmen ts  (b l ack ,  r ed  and  whi t e)  a long wi th  a  cont ro l  
(bar  so i l )  exper iment  l ayou t  map i s  shown in  Fig .  5 -6 .  The exper im ent  
p lo t  cons i s t ed  o f  27  m -long,  0 .7  m -wide ,  on  0 .15  m h igh  ra i sed  beds ,  
In t ra - row spac ing  was  0 .5  m ,  F ig .  5 -7 .  Befo re  l aying  the  mulches ,  
f e r t i l i z e r  was  appl i ed  a t  t he  beginning  o f  each  fe r t i l i z e r  a t  average  N,  
P  and  K ra t e  80 ,  80  and  125  kg/ha  respec t ive l y then  d isked  in to  the  
top  0 .15  m o f  so i l  F ig .  5 -8  a f t e r  wh ich  l aying  the  co lo rs  p l as t i c  mulch  
to  each  t r ea tment .  T r i ck l e  i r r i ga t ion  tub ing  were  app l i ed  in  a l l  the  
p lo t s  under  mulches  du r ing  the  same p rocess ,  a l so  in  the  beginn ing  
t r i ck l e  i r r i ga t ion  tube  wore  connected  to  valve ,  fo r  c lose  and  open  the  
i r r i ga t ion  wate r  F ig .  5 -9 .  The  po l ye th yl ene  mulch  covered  beds  o f  0 .7  
m wide  and  0 .15  m high  in  t he  f i e ld  b y hand and  holes  (d i amete r  0 .15  
m)  on  p l as t i c  mulch  were  made  for  t r ansplant ing  the  p l an t s .  Each  
mulch  p lo t  was  had  45  ho les  spaced  a t  0 .6  m  apar t .  P l an t s  were  s t a r t ed  
in  a  greenhouse  a round s ix  weeks  and  t r ansplan ted  to  t he  su r face  o f  
so i l  i n  the  cente r  o f  a  bed  on  the  middle  o f  May in  2009 ,  2010  and  
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2011  F ig .  5 -10 .  Wate r  r esource  was  deep  wel l ,  wate r  was  avai l ed  to  
the  fa rm b y pumping to  rese rvoi r  ( t ank) ,  which  was  locat ed  around 
th ree  mete r  h igher  above  so i l  su r face ,  t he  capaci t y o f  the  t ank  was  
2 ,000  l i t t e r s  F ig .  5 -11 .  Otherwi se  f i l t e r  was  use  to  p reven t  b lockage  
o f  emi t t e r s ,  and  a l so  in  each  one and  hal f  mon ths  added two  l i t e rs  o f  
su l fu r i c  ac id  96  % in  wa te r  t ank  and  mixed  in  two  thousand  l i t e r  wate r  
t ank  and  i r r i ga t ion  exper imen t  s t a r ted .  Soi l  t em peratu res  were  
measured  to  a  0 .7  m dep th  f rom su r face  in  a l l  beds  du r ing  growing 
season .  For  a l l  t r ea tmen ts  us ing so i l  t he rmomete r  one  t ime  (9  a .m . )  
ever y day.  To  asce r ta in  the  t empera tu re  o f  ground  f i e ld  fo r  a  week  a t  
a  dep th  o f  0 .5  m t emperatu re  dat a  loggers  were  ins t a l l ed  on  augus t  3  
to  10  in  a l l  t r ea tment s ,  and  each  reco rded  fo r  10  minutes  a l so  to  know 
the  ex act  impac t  on  the  so i l  t emperatu re  was  s tudied  in  24  hours .  
Ref l ec t ed  l i ght  f rom each  su r face  co lo r  mulch  was  de t e rmined  us ing  
a  p yranomete r .  Upward l y re f l ec t ed  l i ght  was  measured  a t  a  poin t  0 .2  
m above the  much  su r face .  Fru i t  were  ha rves t ed  week l y where  yi e ld  
recorded  a t  each  harves t  and  tomato  s iz e  c l as s i f i ed  b y USDA 






Fig .  5 -6  Layout  map of  experimental  f ie ld  
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Fig .  5-8  Applying chemica l  
f er t i l i zer in  the  so i l  
Fig .  5 -7  Preparat ion  of  t rea tment ,  







Fig .  5 -10  Layering  p las t i c  
mulch ,  hold  and  
transplanted  toma to  p lant  
Fig .  5 -9  Trick le  i rr igat ion  
tub ing w ere  appl i ed ,  l ength  
27m 
Fig .  5 -12  Tomato  s ize  measure  Fig .  5 -11  water tank wi th  
f i l t er connected  to  p ipe  
136 
 
5.3  Resul t s  and d iscuss ion   
Average  a i r  t emperatu re  i n  May reached  to  14  °C ,  and  in  J une 
and  Ju l y i t  ro se .  The  agrometeoro logical  da t a  was  reco rded  ever y day,  
and  average  month ly da t a  was  as  shown in  Table  5 -1 .From the  t ab l e  
5 -2 ,  we f ind  tha t  r e f l ec t ed  l i ght  o f  the  po l ye th ylene  mulch  in f luenced  
so i l  t emperatu re  and  a i r  t empera tu re .  The whi t e  mulch  su r face  
re f l ec t ed  more  to t a l  pho tos yn thet i c  l i gh t  t han  red  and  b l ack  p l as t i c  
mulch ,  the  l i gh t  r e f l ec t ed  f rom the  mulch  may a ffec t  p l an t  growth  and  
morphogenes is .   
The  so i l  t emperatu re  reg i s t e red  in  ba re  so i l  were  a lways  lower 
than  that  o f  mulch  t r ea tment ,  and  the  so i l  t empera tu re  under  t he  
d i ffe rent  mulches  was  a ffec t ed  b y the  t ype  o f  mate r i a l  emplo yed .  In  
the  se l ec t ed  measur ing  dat es  du r ing  the  c rop  cyc l e ,  so i l  t emperatu res  
were  h igher  i n  b l ack  pol ye th ylene  and  fo l lowed  b y red  and  whi t e .  Soi l  
t empera tu re  0 .7  m  below the  b l ack  mulch  su r face  averaged  a lmos t  
1 .2  °C  h igher  than  the  so i l  t emperatu re  below the  whi t e  mulch  su r face ,  
the  red  mulch  t r ea tment  was  coo le r  t han  b l ack  and  coo les t  under  wh i t e  
a t  9 :30  to  10:00  am ever y day (F ig .  5 -13 ,  5 -14 ,  5 -15) .  Average  dai l y  
so i l  t emperatu res  were  23 .3 ,  22 .9 ,  22 .2  °C  fo r  b l ack ,  r ed  and  whi t e  
mulch  p lo t ,  r e spec t ivel y.  P l as t i c  mulch  inc reased  so i l  t emperatu re  2 .4  
to  4 .2  °C  as  compared  to  con t ro l  p lo t  (bare  so i l )  i n  2009 ,  2010  and  
2011 .  The  s tud y w as  ex tended  to  c l a r i f y and  kno w ex act  impac t  o f  
p l as t i c  on  the  so i l  t emperatu re  and  s tud ied  fo r  a  week  on  Augus t  (F ig .  
5 -16 ,  5 -17) .  Average dai l y so i l  t emperatu re  were  31 ,  30 .6 ,  28 .1  and  
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26 .9  °C fo r  b l ack ,  r ed ,  whi t e  and  bare  so i l  r espect ivel y.  These  
inc rease  resu l t ed  in  h igher,  c l ea r  and  dark  mate r i a l s  t han  in  t he 
re f l ec t ive  co lo r s  such  as  wh i t e  o r  s i lve r  a luminum (Csiz inzk y e t  a l . ,  
1997 ;  Rangara j an  and  inga l l ,  2001) .  In  the  l a t e r,  t he  t emperatu res  can  
even  be  lower  t han  in  ba re  so i l  ( Liaka tas  e t  a l . ,  1986;  Lamont ,  1996) .  
The  resu l t s  o bta ined  in  t h i s  ex per imen t  suppor t  t he  p revious  s tud ies ;  
thus ,  the  so i l  t emperatu re  i n  ba re  so i l  was  a lways  lower  than  under  
mulches ,  and  the  max imum so i l  t emperatures  were  a lways  a t t a ined  
under  t he  b l ack  po l ye th ylene  f i lm ,  fo l lowed b y the  red  mulch  and  
whi t e ,  because  these  l as t  mater i a l s  r e f l ec t  back  most  o f  t he  incoming 
so l ar  r ad i a t ion  (Ham et  a l . ,  1993) .  
P l an t  r esponse -  mulch  co lo r  a ffec t ed  pho tos yn thet i c  
pa r t i t i on ing  and  growth  charac t e r i s t i c s ,  bu t  not  b iomass  accumulat ion  
in  t he  shoo ts ,  p l an t s  grown ov er  t he  whi t e  mulch  su rface  had  shor t e r  
s t ems  and  more  l a t e ra l  growth  (b ranch ing) .  Red  mulch  inc reased  ea r l y 
tomato  yi e lds ,  (Coffey e t  a l . ,  1999,  Cs iz inszk y e t  a l . ,  1995) .  Inc reased  
ea r l y and  to t a l  yi e ld  (Kasperbauer  and  Hunt ,  1998:  Taber  e t  a l  1999) .  
Root  zone t emperatu re  i s  impor t an t  in  p l an t  growth  and  development  
because  i t  a ffec t s  ph ys io logical  p rocesses  i n  roo ts  such  as  uptake  o f  
wate r  and  minera l  nu t r i en t s  (Coopr,  1973,  Dodd  e t  a l . ,  2000,  Tindal l  
e t  a l . ,  1990) .  Root  zone  t emperatu re  may a l so  be  c r i t i c a l  fo r  p l an t  
su rv ival ,  because  root  have  a  l ower  opt imum temperatu re  and  a re  l e ss  
adap ted  to  ex t reme  f luctuat ions  than  shoot s  (Pau lsen ,  1994)  s tud ies  
a t  cons t ant  root  zone  t emperatu re  indicat e  t hat  t he  opt imum roo t  zone  
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t empera tu re  fo r  minera l  nut r i en t  upt ake  and  growth  in  tomato  i s  
between  26  and  34°C  (Cooper,  1973,  Grosse l in  and  Trudel ,  1983 ,  
Tindal l  e t  a l . ,  1990) .  
Average  dai l y i r r i ga t ion  wate r  amount  i n  May was  98 .9 ,  100 .8 ,  
60 .8  mm,  in  June  106 .5 ,  110 .3 ,  108 .4  mm,  in  Ju l y 148.3 ,  150 .2 ,  152 .1  
mm,  in  Augus t  178 .7 ,  161 .6 ,  161 .6  mm ,  and  in  Sep te mber  83 .7 ,  85 .6 ,  
98 .9  mm in  2009 ,  2010  and  2011  respect ive l y ( F ig .  5 -18 ,  5 -19 ,  5 -20) ,  
Average  da i l y i r r i ga t ion  wate r  amount  was  5  mm/day (F ig .  5 .21)  
i r r i ga t ion  and  mulch  t r ea tment  i nc reased  the  so i l  moi s ture  content  
f rom 0  to  0 .12  m depth  above the  cont ro l  (Adetun j i .  A. ,  1990) . t omato  
ex t ra - l a rge  s iz e  were  35 .4 ,  28 .5 ,  21 .5  and  14 .6  % under  wh i t e ,  r ed ,  
b l ack  p l as t i c  and  cont ro l  r espect ivel y,  and  l a rge  s iz e  were  30 .6 ,  26 .6 ,  
26 .3 ,  and  16 .5  % under  wh i t e  b lack  red  p l as t i c  and  cont ro l  
r espect ive l y.  Class i f i ca t ion  o f  tomato  s ize  shows  that  t he  l a rges t  f ru i t  
p roduced  on  the  wh i t e ,  b l ack  and  red  mulch ,  which ,  was  s ign i f i cant l y 
la rger  t han  f ru i t  f rom bare  so i l  o r  cont ro l .  Under  the  whi t e  p l as t i c  
mulch  tomato  s iz e  was  l a rger  t han  under  b l ack ,  r ed  p l as t i c  mulch  and  
con t ro l  (Fig .  5 -22) .  The yi e ld  f o r  th ree  years  a re  as  shown in  Fig .  5 -
23 ,  5 -24 ,  5 -25 .  The average yi e lds  for  t h i s  pe r iod  were  39 ,  37 ,  35  and  
25  t /ha  fo r  wh i t e ,  b l ack ,  r ed  mulch  and  con t ro l ,  a l l  co lo red  p l as t i c  
mulch  resp ec t ivel y  s ign i f i cant l y h igh er  than  o f  con t ro l  (F ig .  5 -26) ,  
the re  was  no  s ign i f i cant  d i ffe rence  in  t he  average  f ru i t  we ight  among 
mulch  t r ea tmen ts .  However,  Decoteau  e t  a l .  (1986)  obta ined  the  
grea t es t  number  o f  f ru i t s  on  p l an ts  i n  t he  s i l ve r  t r ea tment s ,  wh i l e  t he  
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l a rges t  f ru i t  were  measured  in  t he  wh i t e  mulch  t r ea tment s .  
Appl i ca t ion  o f  p l as t ic  mulches  inc reased  the  yi e lds  compared  to  non -  
mulched  p lo ts .  Higher  yi e lds  in  mulch  t r ea tment  migh t  be  due  to  i t s  
e ffec t s  on  so i l  t emperatu re ,  so i l  mo is tu re  and  weed  suppress ion .  The  
h ighes t  to t a l  yi e ld  a l though p roduced on  whi t e  mulch ,  t he re  was  no  
s ign i f i cant  d i ffe rence  s t a t i s t i ca l l y among p l as t i c  mulches .  Whi t e ,  
b l ack  and  red  p l as t i c  mulch  resu l t ed  in  56 ,  48  and  40  % respec t ivel y 
h igher  i n  t omato  yi e ld  compared  to  b a re  so i l  o r  cont ro l ,  due  to  l i gh t  
r e f l ec t ed  f rom the  mulch  su r face .  However,  t he re  was  no  s ign i f i cant  
d i ffe rence  be tween  th i s  mulch ,  b l ack ,  r ed  and  whi t e  p l as t i c .  Among  
the  d i fferent  co lored  p l as t i c  mulch  p lo ts ,  t he  yi e ld  o f  wh i te  p l as t i c  
mulch  p lo t  was  gr eat e r  t han  o ther  co lo rs  p lo t .  The inc rease  o f  yi e ld  
in  mulched  p lo t  may as soc i a t e  wi th  conservat ion  o f  so i l  moi s tu re  and  
t ime  o f  cu l t i va t ion .  Resul t s  o f  tomato  yi e lds  were  s igni f i cant .  
Because  p l an ts  were  t r ansp lan ted  in  t he  end  o f  sp r ing  season and  
grown in  summer  season so  that  t he re  was  no  d i ffe rence  in  t he  yi e ld  







Table  5 -1  Three years  average  month ly  a i r t emperature ,  
Rela t ive  humid i ty,  Sunshine,  Ra inf al l  and  actua l  ET of  















Jan-2009 1.2 42.7 5.7 2.5 1.0
Feb-2009 0.2 54.0 0.2 7.6 1.6
Mar-2009 10.3 41.3 7.5 9.6 1.3 0.6
Apr-2009 13.3 44.1 0.3 13.7 0.7 0.7
May-2009 14.8 44.2 0.4 13.1 1.6 1.0
Jun-2009 18.1 36.2 0.4 0.3 0.1 2.1
Jul-2009 21.5 36.6 0.4 0.1 0.9 2.8
Aug-2009 20.8 44.3 0.3 3.3 0.9 2.1
Sep-2009 17.5 35.4 0.4 7.4 0.2 1.5
Oct-2009 12.9 31.5 0.3 5.3 0.7
Nov-2009 6.7 30.2 0.4 2.1
Dec-2009 1.3 28.9 0.3 2.6
Jan-2010 -0.8 35.7 0.2 2.5 0.0
Feb-2010 -0.6 51.6 0.2 1.9 3.4
Mar-2010 6.3 40.5 0.3 1.7 0.8
Apr-2010 10.6 40.2 0.3 2.7 1.6 0.4
May-2010 17.9 32.3 0.4 2.9 0.3 2.0
Jun-2010 20.8 27.2 0.5 3.7 0.0 3.5
Jul-2010 22.7 28.5 0.4 13.6 3.4
Aug-2010 21.5 37.5 0.4 3.4 0.5 2.3
Sep-2010 18.5 36.7 0.4 0.3 1.4
Oct-2010 11.4 43.3 0.3 1.3 0.7
Nov-2010 7.3 46.9 0.2 11.3 1.1 0.4
Dec-2010 0.6 32.9 1.0 8.7
Jan-2011 -6.3 48.2 5.3 12.8 1.1
Feb-2011 -7.9 50.2 5.3 12.7 2.0
Mar-2011 3.1 45.0 5.7 15.4 1.5
Apr-2011 10.9 45.7 6.7 15.7 1.7 0.9
May-2011 14.3 39.3 8.9 15.2 1.2 1.3
Jun-2011 18.0 31.9 9.4 18.2 0.6 2.0
Jul-2011 21.2 29.3 9.7 18.4 2.6
Aug-2011 21.4 30.6 9.7 14.6 0.3 3.0
Sep-2011 17.7 39.2 7.9 11.9 0.4 1.7
Oct-2011 11.7 34.2 7.9 9.9 0.0 0.9
Nov-2011 5.7 36.2 6.4 8.6 0.4 0.2












Table  5 -2  Mulch  re f lec ted  l i gh t  ra t io  











































































































































































































Fig .  5 -17  So i l  t emperature  under colors  p las t i c  and  bare  so i l  in  
24  hours  (Augus t  4 .  2014)  
Fig .  5 -18  Dai ly  i rr igat ion  w ater in  2009 ,  to ta l  i rr igat ion  




























Fig .  5 -20  Dai ly  i rr igat ion  w ater in  2011,  to ta l  i rr igat ion  











































Fig .  5 -19  Dai ly  i rr igat ion  w ater in  2 010 ,  to ta l  i rr igat ion  




























) Drip irrigation 
Total 601mm,average 5mm/day 
Fig .  5 -21  Average  3  years  da i ly  i rr igat ion  w ater amount  
Fig .  5 -22  Tomato  s ize  percentage under whi te ,  red ,  b lack  
p las t i c  and control  
ex.large large medium small called
Bare soil.drip 14.6 16.5 16.4 16.7 21.6
Back plastic 21.5 26.6 29.3 25.6 29.8
White plastic 35.4 30.6 27.4 32.8 24.2











































Black White Red Control



















Black White Red Control
























Black White Red Control































Fig .  5 -26  3  years  average tomato  y i e ld  
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5.4  Conclus ion  of  th is  chapter  
These  s tud ies  have  demons t ra t ed  the  benef i t s  o f  wh i t e ,  b l ack  
and  red  p l as t i c  mulching  on  tomato  yi e ld .  Mulching  resu l t ed  in  40  to  
56  % increase  in  yi e ld  as  compared  to  con t ro l  t r ea tment .  Tomato  wi th  
the  l a rges t  s iz e  were  under  wh i t e  p l as t ic  mulch ,  compared  to  b l ack ,  
r ed  p l as t i c  mulch  and  cont ro l .  Upwardl y re f l ec t ed  l i gh t  o ff  p l as t i c  
mulch  in f luenced  the  l i gh t  envi ronment  i n  the  seed l ing  es t ab l i shment  
zone .  
The  resu l t  o f  t h i s  s tud y showed  the  e ffec t  o f  co lo red  p l as t i c  
mulch  t r ea tmen t  decreased  evapora t ion  o f  so i l .  I t  a l so  inc reases  t he  
so i l  t empera ture ,  which  he lps  in  es t ab l i sh ing  the  ea r l y p lan t ing  o f  
tomato  p l ant s  in  co ld  a reas .  So i l  t emperatu res  were  warm under  the  
b l ack  mulch  p lo t  and  coo les t  under  t he  wh i t e  mulch  p lo t .  mulch  has  
been  shown to  in f luence  f lower ing  o f  t omato ,  p l an ts  tomat o  grown  
over  the  wh i t e  mulch  p lo t  had  more  fo l i age  than  those  grown over  the  
red  and  b l ack  mulch  p lo t  . the  benef i c i a l  e ffec t s  o f  one  mulch  co lo r  as  
compared  to  ano ther  a re  r e l a t ed  to  i t s  e ffec t s  on  spec t ra l  d i s t r ibut ion  
o f  upward l y re f l ec ted  l i gh t  as  we l l  a s  on  so i l  t empera tu re  and  b y 
ex tens ion  cont r ibut ing  on  energy ba l ance .  The bes t  mulch  colo r  fo r  a  
c rop  may var y wi th  season  and  geograph ic  area .  In  th i s  s tud y,  p l an ts  
grown on  p l as t i c  mulch  p lo t s  could  produce  more  number  o f  b ranches  
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Overal l  conclus ions  and  recommendations  of  th i s  d is ser tat ion  
Agr icu l tu re  i s  one  o f  t he  most  impor t an t  s ec to rs  o f  agr i cu l tu ra l  
p roduc t ion  in  the  wor ld .  Especia l l y  i n  coun t r i es ,  where  most  of  the  
popu la t ion  engaged  in  t h i s  s ec to r.  Such  Afghan is t an ,  tha t  more  than  
80  % popu la t ion  o f  the  count r y i s  d i rec t l y o r  i nd i rec t l y engaged  in  
agr i cu l tu re ,  and  a l l  o f  t he i r  income i s  dependent  on  agr i cu l tu re .  
Unfo r tunate l y,  t he  level  o f  agr i cu l tu ra l  produc t ion  in  t he  coun t r y i s  
ve r y low.  Even  somet imes  they d id  no t  ga in  expend i tu res .  Afghan  
people  a re  su ffe r ing  f rom food  shor t ages .  Th is  i s  a  ve r y b ig  p rob lem 
in  the  coun t r y.  To  so lve  these  p rob lems i t  i s  necessa ry to  fu l l  
inves t iga t e  i t .  One  o f  t he  majo r  p roblems  in  Afghanis t an  i s  shor t age  
o f  i r r i ga t ion  wate r.  Especia l l y downs t ream area .  Due  to  i n secur i t y i n  
r ecent  decades  the  fa rmers  have ignored  a l l  t he  ru l es ,  especi a l l y b y  
power fu l  people ,  and  th i s  p rob lems i s  fu r the red .  Afghan fa rmers  do  
no t  have  in format ion  about  Ir r i ga t ion  P lan .  Due to  l ack  o f  knowledge  
in  th i s  r egard ,  t he i r  deci s ion  main l y depends  on  v i sua l  p l an t  s t r ess  
indicato r s  and  the  av ai l ab i l i t y o f  wa te r  i n  the  canal  s ys t em.  Farmers  
do  not  have  an y adequate  method o f  decid ing  abou t  t he  t iming  o f  
i r r i ga t ion .  The two  impor t an t  c r i t e r i a  main l y used  fo r  decid ing  the  
t iming o f  i r r i ga t ion  a re  d r y appearances  o f  the  so i l  su rface  and  
remembrance o f  t he  t ime o f  l as t  i r r i ga t ion ,  t he  overa l l  i r r i ga t ion  
app l i ca t ion  e ff i c i ency i s  ve r y low and  a l so  c rop  p roduct iv i t y l eve ls  
even  f rom regiona l  s t andards .  
Afghani s t an  has  speci f i c  pos i t ion ,  wi th  h igh  s lop ,  h igh  
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el evat ion  and  f l a t  p l a ins .  Also  wi th  d i ffe re nt  agro  eco logical  zone  and  
a  ve r y va r i ed  geograph y.  The  winte r  minimum tempera tu re  can  be  as  
low -20  °C  and  summer  max imum temperatu re  i s  about  50  °C,  wi th  
h igh  evapo t ranspi ra t ion  the  evapora t ion  peak  up  6 -10  mm/day in  
summer  season.  Afghani s t an  i s  an  ess ent i a l l y a r id  coun t r y wi th  more  
than  ha l f  of  t he  a rea  rece iv ing  100 mm to  300 mm of  p recip i t a t ion .  
And  remain ing  moun ta in  a rea  having  a l t i tude  o f  more  2 ,000  m a lso  
receive  up  to  800  mm precip i t a t i on  most l y p rec ip i t a t ion  occurs  in  
winte r  s eason  in  the  fo rm o f  snow,  in  t h i s  t ime  the re  i s  no  agr i cu l tu re  
p ract i ce .  
The  main  problems  i s  shor t age  o f  wate r.  Trad i t i onal  i r r i ga t ion 
s ys t em,  Lack  o f  knowledge  on  i r r i ga t ion  schedu l ing ,  grea t  l o sses  o f  
wate r  (deep  percola t ion  and  su rface  run  o ff ) ,  h igh  evaporat ion  f rom 
so i l  su r face .  
In  t h i s  r esea rch ,  we a t t empt  t o  anal yze  the  re l a t i onsh ip  
between  ac tua l  pan  evaporat ion  and  meteo ro logical  pa ramete r s .  Also  
we e ffo r t  to  es t imate  opt imum i r r iga t ion  d i scharge  to  reduce  deep  
perco la t ion  and  improve appl i ca t ion  e ff i c i ency fo r  fu r row i r r iga t ion 
in  Afghani s t an .  In  the  same way,  we  t r i ed  to  anal yze  the  e ffec t  o f  
mulch  co lo r s  and  d r ip  i r r i ga t ion  s ys t em on  tomato  p l an t  growth  and  
yi e ld .  
The objec t ives  o f  t h i s  s tudies  a re  t o  improve i r r i ga t ion  wate r  
use  e ff i c i ency th rough  es t imat ing  Pa n  Evaporat ion ,  e s t imat ing  
op t imum i r r iga t ion  d ischarge  under  fu r row i r r iga t ion  and  mulch ing  
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s ys t em fo r  conserv ing  i r r i ga t ion  wate r.  In  t h i s  s tud y,  the  bes t  
a ssessmen t  was  based  on  improving  ag r i cu l tu re  i r r i ga t ion  wate r  use  
e ff i c i ency in  Afgh ani s t an ,  compar ed  to  cu r rent  f a rmer ’s  i r r i ga t ion  
water  use  e ff i c i ency.  
The  fo l lowing conc lus ion  were  d rawn  f rom the  f ind ing  o f  t h i s  
s tud ies :  
For  es t imat ing  evaporat ion ,  we compared  es t imated  evaporat ion  us ing  
Penman method and  observed  evapora t ion  wi th  c l as s  A -pan ,  t he re  was  
a  l a rge  d i ffe rences  in  t he  re l a t i onsh ip  be tween  the  es t imated  
evaporat ion  and  the  observed .  We t r i ed  to  es t imate  evaporat ion  wi th  
o ther  meteo ro logical  pa ramete rs .  We es t imated  re l a t ive  humidi t y,  
wind  speed  wi th  pan  evaporat ion ,  the re  were  a  l a rge  d i sa gr eement ,  we 
t r i ed  to  es t imate  sunshine  wi th  pan  evapora t ion ,  and  they h ave a  good 
re l a t i onship  compared  to  re l a t ive  humidi t y and  wind  speed .  S imi l a r l y 
we es t imated  a i r  t emperatu re  and  pan  evaporat ion ,  f i na l l y  we  found  
that  a i r  t emperatu re  was  a  c ruc i a l  pa ramete r  fo r  es t imat ing  pan  
evaporat ion  value .  
Al so  wate r  advance  t es t  was  conduc ted  a t  t he  Badam Bagh 
agr i cu l tu ra l  r esea rch  s t a t i on  in  Kabu l ,  Afghanis t an .  The  resu l t  o f  
water  advance t es t  wi th  ac tua l  f a rmer ’s  i r r i ga t ion  wate r  d i scharge  was  
0.00148  m 3 / s  and  app l i ca t ion  wate r  use  e ff i c i ency was  57 .  4  %.  In  
o rder  t o  det e rmine  the  max imum va lue  o f  i r r i ga t ion  app l i ca t ion  
e ff i c i ency,  we ca l cula t ed  d i s t r i but ion  o f  in f i l t r a t i on  amoun t  wi th  
d i ffe rent  i r r i ga t ion  d i scharge  such  as  0 .0011m 3 / s  l e ss  t han  ac tua l  
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water  d i s charge  and  0 .002 ,  0 .003 m 3 / s  more  than  actual  wa te r  
d i scharge ,  i n  o rder  to  compare  app l i ca t ion  e ff i c i ency to  convent ional  
i r r i ga t ion  d i scharge .  The  values  o f  app l i ca t ion  e ff i c i ency were  54 .2 ,  
60 .5 ,  and  59 .2  %,  respec t ivel y.  The  max imum wate r  app l i ca t ion  
e ff i c i ency was  60 .5  % wi th  i r r i ga t ion  d ischarge  0 .002 m 3 / s  fo r  a  
fur row,  t h i s  i s  5 .1  % h igher  t han  ac tua l  wa ter  d i scharge .  We can  save  
5 .1  % wate r  i n  each  i r r i ga t ion  schedu l ing  t ime .  Th is  method  can  be  
app l i cable  t o  es t imate  opt imum i r r iga t ion  d i scharge  fo r  fu r row 
i r r iga t ion .  
For  t he  use  o f  co lo red  p l as t i c  mulch ,  we  a t t empt  t o  s tud y and  
anal yze  mulch  co lo rs  e ffec t  on  tomato  c rop  yi e ld .  Mulch  colo rs  l i ke  
Black ,  Red  and  Whi te  inc reased  yi e ld  as  compared  to  ba re  so i l .  I t  was  
a l so  noted  to  inc rease  s iz e  and  numbe r  o f  tomato  f ru i t s .  P l as t i c  mulch  
inc rease  so i l  t emperatu re ,  e speci a l l y  under  b l ack  p l as t i c  mulch  and  
coo les t  under  whi te  p l as t i c .  Ref l ec ted  l i gh t  o f  p l as t i c  mulch  
in f luenced  the  l i gh t  envi ronment  in  t he  seedl ing  es t ab l i shment  zone ,  
o the rwise  e ffec t  o f  co l o red  p l as t i c  mulch  t r ea tmen t  decreased  
evaporat ion  o f  so i l .  The bes t  mulch  colo r  fo r  a  crop  may var y wi th  
season  and  geographic  a rea .  
Base  on  the  f ind ings  and  conc lus ions  o f  t he  s tud y,  the  
fo l lowing recommenda t ions  were  fo rmulat ed:  
•  Afghani s t an  agr icu l tu re  bas ic  problem i s  shor tage  of  wa te r  
and  low knowledge by farmers ,  th i s  should  be  improved.  
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•  Afghani s t an  has  d i fferen t  agro -c l imat i c  condi t ions  and  
meteoro logical  s ta t ions  should  be  ins ta l led  in  every c l imat i c  
region  in  the  count ry.  
•  Respons ib l e  Personnel  shou ld  be  t ra ined  to  observe  data  and  
analyses  i t .  
•  For  i r r igat ion  schedul ing ,  evapora t ion  should  be  es t imated  
as  necessa ry,  wi th  a i r  t emperatu re  paramete r s  to  es t imate  
evaporat ion  in  Kabul ,  and  calcu la t e  crop  water  requi rem en t .  
•  This  evaporat ion  es t imat ing  meth od i s  very impor t an t ,  
ex tens ion  depar tment  should  ex tend  among the  farmers  and  
increase  thei r  knowledge ,  to  prevent  losses  of  water.  
•  At presen t ,  farmers  i r r iga t ion  water  use  appl ica t i on  
eff ic i ency  i s  very low,  capaci ty  bui ld ing should  be  done to  
improve the  knowledge of  farmers  in  th i s  i s sues  and  use  
opt imum i r r iga t ion  water  to  improve on  eff ic iency  and  crop  
product ion .  
•  Furrow i r r igat ion  i s  one  of  the  popular  and  t rad i t i on a l  
surface  i r r igat ion  sys t em which  has  h igh  losses  of  water  tha t  
l eads  to  low water  us e  eff ic i ency,  i t  i s  sugges t  tha t  the  
mulching be  promoted  among the  farmers ,  so  that  the  fu tu re  
dr ip  i r r iga t ion  reduce losses  of  water  and  increase  water  use  
eff ic i ency.   
•  Afghani s t an  has  d i fferen t  agro  c l imat ic  zone and  cul t iva t i on  
schedul ing ,  i t  i s  sugges t ed  that  d i fferent  co lors  of  p las t i c  
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mulch  for  warming so i l  t emperatu re ,  so i l  mois tu re  
management  and  ref lec t ion  of  l igh t  be  promoted  by 
ex tens ion  s taff .  
•  To harves t ed  f resh  products  throughou t  the  year,  farmers  
should  use  co lored  p las t ic  mulch  everywhere  i n  the  coun t r y.  
•  All  the  above f inding which  include but  not  l imi ted  to  pan  
evaporat ion ,  use  of  mulching,  proper  i r r igat ion  schedu l i n g  
and  observa t ion  of  opt imum i r r iga t ion  d ischarge  be  ex tended  
to  the  members  of  agr icu l tu re  i r r iga t ion  water  use r  
associa t ions ,  Mirabs  and  farmers  by ex tens ion  off ice rs .  
 
